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1.1 V{cMǝřǭĘĭśř-Ě¿)žè5(-Ɛǈ,%' 
 ǵĩïB Ĵ>Ȥȧȣ<ǣ³ƵǑBƫ'Õĭ?!V{cMǝ.6
+ȜȚƘȔýè> L-EoaǹƍǾŻαƥŻβ,ǻÕ'(!ƂȖ·
ü(>? ?-V{cMǝ.~ǶBȄȤȧȣ,P}\?!Eoa
ǹ-0,î&'çō-ƛřǭ(>ùŷřǭ2)ƽƊƋ,ı=!!7[1, 
2]-řǭĘĭǯƗBfJ}xZF{N)Ý1 
 ~ǁ,řǭŅƐ-V{cMǝ-øǶ·BÊ8>ſŻV{cMǝ,%'.
-°ǶŦĦË#ƇŢƋ+Eoaǹ,;$'ªñ?öǶǅȍŢ)ǋ
ÞĦ-ȖEoaǹ,;$'Ê8<?>§×,>V{cMǝùŷřǭB
Ęĭìť3ƇŢĦEoaǹBȌ¶!55(>)-V{cM
ǝ)'-śƻBƊĹ(+/=(+Ûǥ-Ɓò:řǭĘĭ-V{
cMǝ+*)ƎƃĨęȎB>-fJ}xZF{N-úĽBo
TfJ}xZF{N)Ý0oTfJ}xZF{Nĝ-řǭ>.fJ}
xZF{N½-řǭŻĬBõĦŻĬ)Ý1ĨęȎ-¯)'.õĦŻ
Ĭ,>V{cMǝ´ȉƬœ)'ƨƺŞBĔǞƿŞĦ-MzG
XfHx[|sPgƈ:ExXbGn}ƈ+*>[3, 4] 
 Į-;+fJ}xZF{NƈBƳ<ūC(>-.oTfJ}
x\V{cMǝBÛæ<ȆȊǳ¸+fJ}xZF{NB·üRrkz
{-ýè:ǨĐƊǈ?!ȦȫȧȪ:ȥȩȨȤ+*-oTfJ}x\V{c
MǝĆ¬,;>ħĎĦƮĴ-Äœ[5]9>øǶ·-V{cMǝoTf
J}x\Bǳ¸+ùŷřǭBĘĭ>),;>ğ$'*-;+
ƪ6(ǳ¸+fJ}xZF{N+?>-BŇ<,>).øõǀ
ÜŪ?,>Ƒƙ.đ%-åȋ9ȂȜȐ,A!=ĂȕƋ
ƀǙƋ¥ȍ<?5(-Ƒƙ)ĭœ,%'-ŘǇBǐǩ> 
  
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1.2 ĂȕƋ,Ġ<?!řǭĘĭśř,ȁ>Ɛǈ 
 ž-fJ}xZF{NƑƙ-ÓŵB¸$!-. Anfinsen ,;>wl_M
yE}U-wfJ}xZF{NĂȕ[1, 6, 7](>V{cMǝBõĦŻĬ,
>ĉƧBÙ65!RTYG{şîαV{cMǝBřĭ>EoaǹBşî)
Ý1βȀ-ƒȗÌüȀ®ōƬÕαSTxfF\ƬÕ)Ý1βB¸Ł>pxK
h[IVa}xýè-ExKwĦ-Űũ(.wl_MyE}U9õĦŻ
Ĭ)+=-ǸƧŨĦBúË#V{cMǝ)'-śƻBœ!!8-
řǭBãú>1960Đȏ5(.V{cMǝǳ¸+řǭBÑ>!8,.Y
{hy}[ģǇ)Ǘýè-Ǘ,î&/-;+Ā­,
õĦ'5$!V{cMǝ²0ǸƧŨĦBĴ%).+)ƶ<?'
![8] 
 +< 1961Đ,¶Ÿ?! Anfinsen<-ǙĿ,;?/úŨ!w
l_MyE}U)õĦ¾αĉƧ:pxKh[IVa}xβBÙ7Űũ9õĦ
¾BȄÍ?/ǸƧŨĦBƔ;,+>)Ɣ?![1, 6]Ë#~ē
õĦŻĬ,ȅ$!V{cMǝ9²0ùŷřǭ2)fJ}x\αwfJ}x\β
>)Ň<,+$!-Ƒƙ< Anfinsen<Ġ!ƬǙ.V{cM
ǝ-ùŷřǭ.-Eoaǹ-0αEoaǹǷ¹5!.V{cMǝ-~Ŝ
©Ƿ¹)Ý1β,P}\?'>)9-($!-øÌ¼,î&
/Ȥȧȣ,P}\?'>Eoaǹ-0BƐ>"(?*-;
,fJ}x\*-;+ùŷřǭBÑ>-Ɛ>)¶ő>.(
> 
 !ƫư<ī-EoaǹǷ¹*-;,ƽƊƋfJ}xZF{
NBǄBĂȇ,Ɠ8-śřBŇ<,>).øõǀÜŪƑ
ƙǘȓ)+$!+<ùŷřǭ. X ƯƬŊřǭǍŒ+*-İŧ-ǳ
ƃ,;= 1958Đ,.-ŘĘBƐ>)¶ő>;,+$'!9--[9]
V{cMǝ.ŗ8'ǧǬ,fJ}x\>!8-õĦŻĬ<ùŷřǭ2
-ǴƖǯƗ(>ǴƖŻĬ-ġǊƋŻĬBƐ>).ŗ8'ȋâȓ)
'ş?!-ĝđ%-V{cMǝ,%'.ǃńŻ:R}[Ż-ǉ¼
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řǭα? ?iwWMT	 R}[)Ý0-;+ľ÷-V{cM
ǝ(ǖ8<?>ĊįƋǉ¼řǭBŜřǭ)Ý1β-6Ęĭ?ŌƩƋ+ù
ŷřǭαŜřǭȀ-ƎƃƟ9Ù8'Āĭ!řǭβ,ƾ>½,ůÿāƋ
+ŻĬ>)Ɗǈ?![10]õĦŻĬ<ùŷŻĬ,ƾ>5(,ǖ8<
?>ĂȕƋ,ǌĄÔƻ+ůÿāƋȀ-(9?<.ź,qxY{|N
zdt}xŻĬ)Ý/?! 
 ŜřǭÉ+*(.+;=Ǖƨ+ġǊƋŻĬ,ǎÏ>)Ôƻ)
+$!-.Anfinsen -Ăȕ< 30 Đĕ4*ƫ$!1989 Đ- Fersht <,
;>¢ǍŒ<(>[11]V{cMǝ-fJ}xZF{NǯƗ.>Ƙ-
ÆþÐĤ)'ǈ¤>+A#õĦŻĬ,>V{cMǝ.ŨĦÆI
`xL}BĠ>)(ƽƄI`xL}Ƌ,ÿā+ǴƖŻĬB=ǟõĦ
ŻĬ;=9ÿā+ùŷŻĬ2)fJ}x\>)9-(>-;+
õĦŻĬ)ùŷŻĬ)-ȜŻĬȀBǴƖůÿāƋ+ȀBĴ!+V{
cMǝ(.źā-řǭBĴ!+õĦŻĬ<řǭĘĭǪ-ǴƖŻĬ,ƾ
>-,ģǇ+ŨĦÆƽƄI`xL}!!!"!!)õĦŻĬ)ùŷŻĬ)-ƽƄI
`xL}č!!!!!BĂȕƋ,ŭāÔƻ+fJ}xZF{NǬēāľ!!0,
ùŷŻĬ)õĦŻĬ-Ŵēš>.Ǭēāľšα ! ! = !! !!β<ơ¶
>)¶ő>EoaǹǷ¹,ĺÅαǫĎ.º-Eoaǹ2-ƲĸβBÃ
?/!!!"!!>.!!!!!ęȎBÒ>Fersht <.?ùŷř
ǭ¥-!!!!!-6+-5!.ǴƖŻĬ¥-!!!"!!9ęȎBÒ>-Ò
>)?/*-Ɨē-øBţ8>),;$'ĺÅB!Ơį-
ǜżēα¢Ȣ!!!!"!!!"!!"‡ !!!!!!!"!!"βBāƴ!¢-ȖƠį4*ǴƖŻ
Ĭ,'ǻǇ+Ě¿Bĳ$'>)-ǍǺ<ě<.ǴƖŻĬ-ġǊƋř
ǭBźĢ!-(> 
 ¢ǍŒ.đ%-ā-9),ǄA?'=/¢ǍŒ(.ĺÅ,
;=řǭĘĭǯƗÀƋ,õÆ>):ùŷřǭ).­Ɔ+>řǭ2)
fJ}x\>)BĪā'+-;+öƋ+¢,%'.ǚ
Ǚ-éBş9--ć+V{cMǝ-fJ}xZF{N-źĢBƐ>
 4 
(¢ǍŒ.fJ}xZF{NƑƙ·Ǽ2÷ø,ǜż! 
 -~%,ƎÖV{cMǝ,ȁ>Ƒƙ>Ö;+řǭB)>V
{cMǝ(?/-řǭĘĭǯƗ(>fJ}xZF{N-źĢ9Ö"
@)ÕƀƋ+ĶǙ.ĘŻα[mzS}βȔĦ,î&·Ȕ°Ƕ(-
źĢšǤ¯ Ƌ,. Ubiquitin-like fold[12-15]: Ferredoxin-like fold[16-19]
αV{cMǝƛřǭ·ȔZ}Vj}T SCOP[20],;>·Ȕβ+*-[mzS
},ċ>V{cMǝŠ,¢BšǤ>),;=Ŗǒ?ģ9ŝ
+)Ň<)+$!5!Ö~-[mzS}BĴ%"(+ǮÆ
Ƌ,Ʊ=->V{cMǝ,%'9Ɔ+>řǭĘĭśřBÑ>ðÕ=
α/ PDZ2/3[21]+*βùŷŻĬ(-[mzS}:Ƿ¹ȔĦ-6fJ
}xZF{N-źĢBŤā&>Ǉä(.+)Ň<)+$! 
 ŃƀǙƋƑƙ)'.ĂȕƋ,Öā?!V{cMǝ-ùŷřǭĩï
BŨƃ¡-V{cMǝ-ġǊƋŻĬ:fJ}xZF{N-źĢBŇ<
,;)>Ǔ6ņ+?'>ŜȐ(.fJ}xZF{N)
Ǜ-9-BĲǛÆ!ƶŃ,Ã!Ƒƙ,%'9ŘǗ> 
  
1.3 ƀǙƋ,ķá?!řǭĘĭśř,ȁ>Ɛǈ 
 ¢ǍŒ+*-Ăȕ,;>ġǊƋŻĬ-ǌĄBƫ'řǭĘĭśř,ȁđ
%-qZxķá?!õĦŻĬ,>V{cMǝ>źā-řǭBƫ
'ùŷřǭ,ƾ>)ā>)-ň,ƫ>řǭBfJ}xZF{NƫǢ
-řǭ)-fJ}xZF{NƫǢ-řǭ,%'ŜřǭĘĭ
«,¶ő>)9-αframework model[22]βƇŢĦşîÖô«,´ȉ
>)9-αhydrophobic collapse model[23]βĊįƋ+řǭŔαÈÖƋ
,Ęĭ?>Ƕ·řǭβ)+=Ûæ,Ļ>)9-αnucleation 
propagation model[24]βEoaǹǷ¹ǲȆ-řǭǇƧůÿāƋ+Ŕ)+=
?Ûæ-řǭĘĭB)9-αnucleation condensation model[25]β
-ø·'Ȟ%-·Ȕķŕ?!ŔBĴ%ðÕ.ŔBřĭ>źā
-şî-şî,š3Ȗ¢BĴ#:~Ń(­)'Ğ,řǭ
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¶ő>ðÕ,.÷-şîƗē-¢BĴ%)?> 
 Ŕ BĴ%śř(> nucleation propagation model ) nucleation 
condensation model-Ǳ.ŔI{Vxe}Ƌ+ÿāĦBĴ%)ǎīÜ
(.ƎǱ+ĝƷǾI{[ze}Ƌ,ÿā(>)@,;>[26]
-!8ƍǾŻȖ·ü-ŏƝα−NH!(ƩA>ǶB N ŏƝ−COOH(ƩA>
ǶB C ŏƝ)Ý1βBƱ--řǭƋÿāĦ,ȁA<+ǶB¸Ł
ł!+ŏƝ)!ðÕα-;+õƆB±ȑ¹õƆ)Ý1βŔBřĭ
>şîõÆ>)>SH3[27]) Ribosomal protein S6[16],'ǖ8
<?!?<Ƭœ.ŋ)+=Ġ>ŲèƋ+Ŕ-ýèBƔß!-;
+Ŕ>.ŲèƋ+ŔBfJ}x\{)Ý0-fJ}x\{-ƚȀƋǷ
Ʋ:Ėĕ,;$'fJ}xZF{NBźĢ>Ǔ69?5(,+?'
!/ Oliveberg <.É~-fJ}x\{BĴ%V{cMǝ.ƦƤ+ȜŻ
ĬĦBƔ~Ń(ǆľ-fJ}x\{BĴ%V{cMǝ.?<,ǻ
+$'?/ȜŻĬŚ-ǴƖB·Ȋ'?/~Ń-fJ}x\{-6Ę
ĭ?!ȀBĘĭ>)ƶŃ(Ƙ-fJ}xZF{Nśř-
ǱBƀǍ;)![16] 
 ǩ-V{cMǝ.źā-fJ}xZF{NƫǢBĴ%)ǈŃ-4
,V{cMǝ.ùŷŻĬ,'øǶ·-ƎƃÿāƋ,+>;ǮÆ
''=*-;+õĦŻĬ<(9ùŷřǭ2Ǧ=Ə)ǈŃ9
ýè>[28]źā-fJ}xZF{NƫǢBā+-ǈŃ.űŀ-
*-ƠįαõĦŻĬβ<TV}['9ŌƩƋ,-Ǡαùŷřǭβ,ƾ>
)ƊĪ<fD`xαűŀβƀǙ)Ý/?!fD`xƀǙ,>Ǵ
ƖŻĬ).ùŷŻĬ,Ǩ&,%?I`xL}Ƌ+ÿāĦBŽĠ>~Ń(
Ñ=Ġ>ŻĬľ+A#I{[ze}?,95'ŬĈƽƄI`x
L}Ƌ,.ÿāαȈóβ)+>Ƕ·(> 
 fD`xƀǙ.!"à~-ǴƖŻĬ;0ǴƖŻĬ-řǭBā+9
--õĦŻĬ:ǴƖŻĬ,£=ƂƬœ)'!>fJ}xZF{N
ƫǢƂ>),%'.Øā'+-!8fJ}xZF{NB
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ÆþÐĤ-E]zS})'ǈ¤!ğő-ǈŃ)ƎÐ>A(.+5
!fD`xƀǙ-;,	øǶ·-ƎƃÿāƋ
,+>;ùŷŻ
Ĭ,'Ǝƃ'>şîÖô,-6ùŷŻĬBÿāƋ,>!8-Á
B! Gō mY{Rrx[29-31]Bƃ!ƍǾŻȖ·ü-ÅĬRoty}Rv
{,%'9ǴƖň-ƽƄI`xL}Ȉó-4ĂȕĂBǗŇ>α£
$!βǴƖŻĬřǭ-²ž,ĭÂ!)ïÚ.ľ÷ýè>[30, 32-35] 
 -ĝ-Ăȕİŧ)Ǐơś-Ɗǰ,;=ľ÷-V{cMǝùŷřǭÖā
?û8>)?<ĩï-ƭǏµƀBǫ'ĭ!ƫȕmY{Rrx);
/?>ÁðαÌüȀ,>Á-ōŶ:ĖĕBāƴ!9-ȢMiyazawa-Jernigan
mY{Rrx[36]:şîȀďêǡȊƭǏmY{Rrx[37]+*β:Ăȇ-Źƀ
ŧ¼,î&!Áð[38-41]+*ǿƊ?!?<.ùŷŻĬǨ¦(-ÅĬ
-,ùŷŻĬ<õĦŻĬ,ƾ>E{fJ}xZF{NǯƗ-ġǊƋŻĬ
BǌĄ>)+*,9ƃ<?'!ǨĐ.ǏơśĦƻ-ĥų+×)Á
ð-ļǂ,;=õĦŻĬ<ùŷŻĬ,ƾ>fJ}xZF{NǯƗ-ġǊƋ
ŻĬBĠ>)9¶ő>;,+=%%>[42]-»ƃÔƻƣæ.ŗ8'
ȃāƋ(> 
 
1.4 ŐǙĿ,>ƑƙƌƋ 
 ǅƋ+V{cMǝ:ć+V{cMǝ,%'.Ǐơś:Ăȕ,
;=-fJ}xZF{Nśř-ǕƨŇ<)+$'!9--[26]Ņ,ř
ǭÖā?!V{cMǝ-ľ,š3EoaǹǷ¹-6Öā?!V{c
Mǝ-ľ.5=,9÷3',%'ǏơśRoty}Rv{:Ăȕ,
;=fJ}xZF{NśřBźĢ>-.ĂǝƋ,Ôƻ+4*-ľ(
>~Ń½Ƣ(ǗŇ!fJ}xZF{Nƈ+*.EoaǹǷ¹2-¨
+ĺÅŮ(ƊƉ>O}T÷5!ƎÖV{cMǝ,'9fJ}x
ZF{NśřƆ+>ðÕ>)ĂȕĂ<É+>EoaǹǷ¹-
ȔĦ<ī-EoaǹǷ¹-fJ}xZF{NśřBĶǽ>).ǳ¸
).+-;+ƹŉ<<?!EoaǹǷ¹fJ}xZF
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{N,'*-;+źĢBƔ-ǏơPT[(ŭ>İŧBƓ
ƛ>).øõǻǇ+Ƒƙǘȓ(> 
 Į.ŐǙĿ,'%'V{cMǝ-řǭ\pG{ȒíBāƴ>-
,ƃ<?! Average Distance Map; ADMǍŒŧ[43]BĤƃfJ}xZF
{N,ȇǜżē-ȖǶBEoaǹǷ¹-6<ŭ!ƞȜƜ(.
>[mzS},ċ>V{cMǝ,'ŭ?!řǭĘĭ-Ŕ)+>ř
ǭĘĭu^W[αź,)A=-+ȃ=ĝ	řǭĘĭu^W[
).
Ăȕ,;=Ġ<?!řǭĘĭ-Ŕ+A#fJ}x\{Ɵ,ąĤ>Ƿ¹
ǍŒ,;=ŭ?!ǶBĵβǷ¹ȔĦ-Ŷ-[mzS},ċ
>V{cMǝ(9ÖŚ,Ɗǈ?>Ŗǒ!-ǍŒ-½ķ)'.
3'-V{cMǝřǭ.ǆľ-ÿāƋ+Ƕ·řǭu^W[αyQgzWMβ
-ƪ6ÕA)'ǅž(>)ƶ>[44, 45]yQgzWM-(
9fJ}xZF{N-Ŕ)'Öā?>4*ÿā(>+</ÖǶ·
řǭ-V{cMǝ,'9ǌĄ?>)ø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	#*ƭī)ńè
++Ƴó<;)ƘĿ%#ǟƭ;ƊĘ?Ġ!ƭī)ƫŅǓ\mC
uǵÞč9<#2
5ċǐ;ęǴ(8:)~96 %69
	ŘŅǓ\mCuǵÞ?č 
ŅǓ\mCuǵÞ)Ëï 
 NuWK[jYe?ÛŲƝ$©ǫ()etY[òĂûńè?%
;ơ? x1, x2, x3…%ơËņ(ŐþƝ$©ǫ(ńè?%;ơ?
y1, y2, y3…%ơ)%8+xi < yj ?řǼȇōßĺř)ōß9';
ŅǓ\mCuǵÞ*Ł½;ǽ¢#)hA(xi, yj)(!	#?Ƌ¨;Ƌ
¨Ō$<+<9?ĶïŰ'ŅǓ\mCuǵÞƫ%; 
 ŅǓ\mCuǵÞƫ)
ķ6)ǹ	6)?ŅǓ\mCuǵÞ%
#Ĥŧ;)ċ$(ĤŧŖ3)ŅǓ\mCuǵÞ(ǟ'9'	ŅǓ\
mCuǵÞƫ)~$ķ6)ǹ	ƫ?İ'ŅǓ\mCuǵÞ%#
Ĥŧ;)ęǴ?ĸµ'ŅǓ\mCuǵÞƫŝ';2$Ơ:Ǐ
ķƕŰ(ǿ!;	*ƭī)ŅǓ\mCuǵÞǼNu`K[ǵÞǽ?č; 
ŅǓćėo]Y[)ïƣ 
 yǐ)ęǴ(8:Ʃ
 ADM ƵľŔ*ŅǓ(ß"	#ËïŅǓ\mC
uǵÞ%Ëņ)ǵÞ?ǝ«9Ř;5(ŧ	;ęŔ$;)5ǿ
!)ŅǓ\mCu(ųĆ;Wu`Kǆǝ«?¡²%#|áÊ)¢
?Nu`K[ǵÞ%#Ř;%=Ĥŧ<' ŅǓ\mCu
ǵÞƫ?ƽƔ(ǀ/%=NMR )ðǸ9ŅǓćė(ǅţ;ǜ(ô
ď#	%© [6]ļǁĮ(	#*ŅǓ\mCu8:6)8

'ŅǓćėo]Y[(ŕűƵľ?Ʃ
 
 'ļƆ$*ŧ	'	ßŚ$;ļǁĮ(	#¢(;Nu`K[
ǵÞ)5(ŅǓćėo]Y[Ř<'	%¤Ű(*ĆƼNu`K
[ǵÞ)ǥ¡²ǝ«ǥ)ȅǾǻy$<+<?Ł½;)
Ǩ*ƗǸŰ(Œï<`pmvW$; 
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2.2.2 Ƿǜ©ŅǓ)Ńƒ 
  ƩŸƂ$* Globin-like fold (ø;łŠǼèǃǽŨĽ)Wu`Kǆ
Leghemoglobin (	#ðǸ$ő59<ŅǓćėo]Y[%ÊƦ; E-H
fqYKSo]Y[yǐ) ADM ƵľŔ?ŧ	#Ř<[6]Ëo]Y[
*G, HfqYKS9';fAbuŢo]Y[(û;ć$EfqYKS
ǝă6)$F fqYKS* E, G fqYKS)Ǧ?ƟŅǓ?%;Ǽı
Dj) Myoglobin (;ŅǓćėo]Y[* A, B ;	* G, H fqYKS
)3$Ņė< ƩŸƂ(	# ADM ƵľŔ*)Ǘ	?Ǚª(Âĵ
[6]ǽĆƼŅǓǼPDB Nv\ 1FSL ~) E-H fqYKSo]Y[) Cα¾ëă
Ňǽ?¡²%#Dalilite ?ŧ	 Protein Data Bank (Ůǡ<ŅǓ9
ǷŅǓ?Ńƒ 
 Dali2*Dalilite[7]$*Cα¾ëǦǊǮjYe(ß"	#ApCumu[
Ʃ><ǎĦ;¾ëËä)ǝăôď;hA$#	<+ǹ	SNA?Ż
šï)ǝ«ǥ?Ġ!ǝ«?¡²%#|ǫ)ƀ)ŅǓ(ô;SN
A©ü*Ōư©ü(8:ǎ<#:ļŸƂ$*ĸĔŐŚ 5%(ųĆ;
Z-value > 2.0 )ŅǓ)3?ǷŅǓ%#ïƣǷŅǓ?)wǜ(Ġ
!Wu`Kǆ*°ǳ$ƿĳ ADM ƵľŔ(8:Ƶľ<ǷŅǓǜ
¢;	*)wǜŅǓćėo]Y[%#­ï<;Ź59< 
2.2.3 ōßǦNuWK[)ïƣ 
 ļƆ(	#i ũű)ōßǼōß iǽ j ũű)ōßǼōß jǽ(Ħƶ;	
*NuWK[#	;%*ōß i )ǟ¾ëōß j )Ǣ)śêǯ¨ƪǲƁ?
ǎĦ(8: 10Å2yŗö;%?ġ)5Ǣ(ǟ¾ë?Ġ'
	LqQu*NuWK[?Ġ'	2ōß i, j 	(NuWK[#	;
%*ōß i ōß j (NuWK[!ōß j ōß i (NuWK[#	
;%?ġśêǯ¨ƪǲƁ%)ŗöǠ(!	#*Shrake & Rupley 9
)ıŔ?Ĥŧ)ǫŧ	etvdť)ºĉ* 1.4Å %[8] 
2.2.4 íđƵľ 
 Ǖ·Ű'Ɵ:?ǉ#£ǒ#Ƴó<ŅǓćėo]Y[(!	#É
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ŅǓćėo]Y[$íđ)ǹ	ōßơǷ#	;)&
?ǀ/;
5íđƵľ6Ʃ Leghemoglobin %Ëņ)ŅǓćėo]Y[?Ġ!
ÉWu`Kǆ(!	#Uniprot )Ĩ;ǟƭ)ŝ	ǝ«ZvWgvS
Uniref100[9]?ŧ	# BLAST Ńƒ[10](8:ųËǝ«?ŃƒųËǝ«)
ßŚ%';ǨǼe-valueǽ(* 0.001 ?ŧ	 
 ÄčųËǝ«* MUSCLE[11](8:jrXerApCumu[?Ʃ	
ǎǬƘÊŔ[12]?ŧ	#Əƙŉ?ŅƍŅƍƏƙŉ%jrXerApC
umu[ƘĿ?(ķ÷Ŕ?ŧ	ƏƙŉƵľ`YMvR?ŧ	#þÚ%A
pCumu[PC[Ŏ)ƄŞåŪǼAk_ǞơĩǽÖī?Ƌ¨)ǫA
k_ǞơĩƩ«(* JTT ơĩƩ«[13]?ŧ	¢PC[)þÚơĩÖī9
*ơĩÖī(!	#)ŹŤòĂǧīǼơĩÖī*iAUu©ü(Č
%ïǽ
?É)PC[)ơĩÖī!!9*ĆƼPC[)ơĩÖī)ơĩÖīz
$Ã2;ŹŤǼơĩÖī 0,!! $;ƓƁŹŤǽ?ő5ő5ŹŤȃǻ
z$ %ĆƼPC[?í#	;%#ïƣ 
 
2.3 ƘĿ 
2.3.1 Dalilite (8; E-H fqYKSǷŅǓ)ŃƒƘĿ 
 Dalilite[7](8;Ńƒ$*ǷŅǓ%#8 7,500 )Wu`Kǆ
Leghemoglobin(;E-HfqYKSo]Y[(ųĆ;ŅǓ?ĸ#	
;%#aY[Wu`KǆŅǓ©ǷZvWgvS SCOP[14](8;©Ƿ(
ß"+Family sgr$ 690 ƀ$ )%9 Leghemoglobin )
ŅǓćėo]Y[$; E-H fqYKSo]Y[(ǷŅǓ)Wu`
KǆŅǓ(	#6āƳó<;%Źƾ< 
 
2.3.2 aY[Wu`Kǆ(ô; ADM ƵľƘĿ 
 aY[ǷŅǓ¢;	*)wǜŅǓćėo]Y[%#)Ĉ±
?ĝ #	;%ē<;Wu`Kǆ? ADM ƵľŔ(8:Ǜ®'
Leghemoglobin (!	#;ŅǓćėo]Y[%#ïƣ<ǵÞ*
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65-140ōßű(#$:)* 0.324$ ĆƼǵÞ* Efq
YKS)~é9 HfqYKS2$?Î4ıMyoglobin);ŅǓćė
o]Y[*A, BfqYKS?Î4 7-33ōßű;	*G, HfqYKS?Î4
99-151ōßű$:*<< 0.2738, 0.276$  
 Ǜ®)ƘĿȃ!)ƪWu`Kǆ E-HfqYKSo]Y[ųĆǵÞ(Ņ
Ǔćėo]Y[?Ġ!%#Ĝ¨<ÌŽ*<< circadian clock 
protein KaiA(PDBID: 1R8J), secretion control protein A chain(PDBID: 1XL3), 
cell invasion protein SipA(PDBID: 2FM9), transcriptional regulator 
RHA1_ro04179(PDBID: 2NP5), hypothetical protein AF0060(PDBID: 2P06)
$;ƪ 2.1(*<9?2%5ƘĿ?ƪ 2.2(* ADMƵľŔ$Ř
<ŅǓćėo]Y[?ŻǩÉWu`Kǆ(!	#ƽƔ?ƹǐ; 
Circadian clock protein KaiA (PDBID: 1R8J) 
 )Wu`Kǆ*ȁ!)Nu`K[ǵÞ?Î3)
ǿ!* E-HfqY
KSo]Y[¦ǜ) G, HfqYKSųĆǜǼ223-270ōßűMyoglobin(
;ŅǓćėo]Y[ųĆǜǽķ6)ǹ	ŅǓćėo]Y[%#
Ř<ǼØ 2.4Àşǽ)Nu`K[ǵÞ* RossmanncGvr\%	

	 	 9';ŅǓ»(ôď#	 
 
Ø 2.4 1R8J )ŅǓǼúǽ% ADM ƵľƘĿǼÇǽ  
E-H fqYKSo]Y[ųĆ)ǵÞ?Î4¢)ŅǓ%ŘŅǓćėo]Y[)
ơǼōßũÈǽğĄ¦*Ǉ2*ǰ*<< NCĻƇ(ôď 
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Secretion control protein A chain (PDBID: 1XL3) 
 )Wu`Kǆ(	#6ķ6ǹ	Ǽ0.297ǽ?Ġ!Nu`K[ǵÞ
E-H fqYKSo]Y[ųĆǜǼ124-201 ōßűǽ(ơ#	ǼØ 2.5
Àşǽ))Nu`K[ǵÞ* 3-44 ōßű% 77-99 ōßű$:*
<< 0.195 % 0.202 $; 
 
 
Ø 2.5 1XL3 )ŅǓǼúǽ% ADM ƵľƘĿǼÇǽ  
E-H fqYKSo]Y[ųĆ)ǵÞ)ŅǓ%ŘŅǓćėo]Y[)ơǼō
ßũÈǽğĄ¦*Ǉ2*ǰ*<< NC ĻƇ(ôď 
Cell invasion protein SipA (PDBID: 2FM9) 
 )Wu`Kǆ*ȁ!)Nu`K[ǵÞ?Î3)~$6ń5#ǹ	
?Ġ!Ȁ!)Nu`K[ǵÞ)
ǿ! E-H fqYKSo]Y[ųĆǜ(
ơ#	;ǼØ 2.6 ÀşǽG, H fqYKSǦ)etY[òĂýƨ$ 
5 H fqYKSųĆǜ?Î@$*	'	)'ûǼ0.001 0&
)ûǽ$ H fqYKS?Î4Nu`K[ǵÞ.%Ğą;%$)W
u`Kǆ(	#6ËǵÞŅǓćė(% #ǟƮ'Ĉ±?ĝ #	;%
ŻÒ< 
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Ø 2.6 2FM9 )ŅǓǼúǽ% ADM ƵľƘĿǼÇǽ  
E-H fqYKSo]Y[ųĆ)ǵÞ?Î4¢)ŅǓ%ŘŅǓćėo]Y[
)ơǼōßũÈǽğĄ¦*Ǉ2*ǰ*<< NC ĻƇ(ôď 
Transcriptional regulator RHA1_ro04179 (PDBID: 2NP5) 
 )Wu`Kǆ*ȁ!)Nu`K[ǵÞ?Î3E fqYKS)wǜ% G, H
fqYKSųĆǜ?Î4ǵÞķ6)ǹ	Nu`K[ǵÞǼ* 0.372ǽ
$ ǼØ 2.7 ÀşǽF fqYKSųĆǜ*íÙ#	'  
 
Ø 2.7 2NP5 )ŅǓǼúǽ% ADM ƵľƘĿǼÇǽ  
E-H fqYKSo]Y[ųĆǵÞ)ŅǓ%ŘŅǓćėo]Y[)ơǼōßũ
ÈǽğĄ¦*Ǉ2*ǰ*<< NC ĻƇ(ôď 
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Hypothetical protein AF0060 (PDBID: 2P06) 
 )Wu`Kǆ* E-H fqYKSųĆǵÞ)39';Wu`Kǆ$¢
(>;»w)Nu`K[ǵÞ)3Ǽ* 0.370ǽ?Ġ #	ǼØ 2.8Àşǽ 
 
Ø 2.8 2P06 )ŅǓǼúǽ% ADM ƵľƘĿǼÇǽ  
E-H fqYKSo]Y[ųĆ)ǵÞ?Î4¢)ŅǓ%ŘŅǓćėo]Y[)
ơǼōßũÈǽğĄ¦*Ǉ2*ǰ*<< NC ĻƇ(ôď 
 
2.3.3 E-H fqYKSo]Y[ņŅǓćėo]Y[)ƽƔ 
 ÉWu`Kǆ) E-H fqYKSųĆǜ)3?Ĝ¨Ø 2.9 (Żȃ
!)
Ȁ!*Leghemoglobin7Myoglobin%Ëw)[itRv?Ż#	
)ȁ!)
Ȁ!*ǣǲŅǓ?Ż<* Dali  Cα¾ëǦǊǮj
Ye?6%(ǷŅǓ?Ńƒ;5ǣŪđ?¸®¨Ľ'	%(8;
ķċ)ǿ!* G, H fqYKS(ô; E fqYKS)ǝÍ Leghemoglobin
7 Myoglobin %*ǿȆǾĂŪ' #	<9*3' Dalilite (8;Ńƒ$
ǷŅǓ%#ƾ59<ŅǓ$*;<9ȁƀ)[itRv)Ǘ	?
ƤĖ;5ļƆ$*<< Configuration A, B, C %#ïƣ 
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Ø 2.9 ÉWu`Kǆ)[itRv)Ǘ	  
ÉŅǓ) E-H fqYKSo]Y[ųĆǜ)[itRv? Configuration A, B, C
)ȁ!(è®Ǉ2*ǰ*<< N ĻƇC ĻƇ?ġ#	;Ƨ)
Ǘ	9 Configuration A, B *	(ǣǲŅǓ$:Configuration C *fqY
KS)ǝÍŪ' #	;%©; 
 
2.3.4 íđōß(!	# 
 íđōß)Ƶľ*Ƶľ(ĎƮ'ųËđ)	ǝ« BLAST Ńƒ(8:¹
©ǠÃǭ$ôǄǼLeghemoglobin, Myoglobin, Circadian Clock Protein 
KaiA, Secretion Control Proteinǽ(ô#)3Ǚŧ<<9*3'Ø
2.9 ) A (ø;Wu`Kǆ$;E, G, H fqYKS(;íđōß)
ơ%ōßǦNuWK[(ǧ;Ēà?2%56)?Ø 2.10 (Ż
<(8;%ŏǌŰç)NuWK[&)Wu`Kǆ(	#6 G, H fq
YKSǦ(Źƾ<<9fqYKS% E fqYKS)Ǧ(*'ī)N
uWK[)3ƾ59< 
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  
  
Ø 2.10 ÉWu`Kǆ)íđōß%ōßǦNuWK[  
(a) 1FSL, (b) 1MBN, (c) 1R8J, (d) 1XL3, (e) 2FM9, (f) 2NP5, (g) 2P06 )íđōß
%Ǳíđōß?<<Ǻ%Lsv)Įì$Ż(e), (f), (g)$*íđ?ƸƋ
;5)ųËǝ«¹©ǠŹ$' 5¢#Lsv$ŻōßǦNu
WK[*Éǝ«)yz(ðƝ(#2 E, F, G, H fqYKSųĆ)ŋŅǓ*
<<ƨ	Ǉƨ	buKƨ	ŐƧƨ	ǰ)Õƴ$ǝ«y(Ż<#	;ů
ě)Ǉŀ* E-H fqYKSo]Y[ņŅǓ$í<#	;%Ƥ9<;í
đōß(8;ǝ«`Wvu$;ǼLsv)ŀ*Ǳíđōß(8;6)ǽ 
 
 201¢#)NuWK[#	;ūŐđōßíđōß$;%6
)Ø9Ów)æ* Secretion control protein A chain (; 181
ōßű) Ile )3$ £ǒ#ƾ59<;íđūŐđōß9*ūŐ
(a) 
(b) 
(c) 
(d) 
(e) 
(f) 
(g) 
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đōß?φĔ)ōßƀ? x %;%E, G, H fqYKS$<<
φx(3)φx(3)φφx(2,3)φ(2)x(2,3)φφx(2)φ(2)x(2)φ%	
ǝ«nXvcïƣ$
 
 
2.4 Ƥó 
 ļƆ$* E-H fqYKSo]Y[)Wu`Kǆ(	#6āƳó<
2)
Ā!)Wu`Kǆ(	#*LeghemoglobinËņ(ŅǓćėo
]Y[%#Ř<;%?Ż<9Wu`Kǆ*Ǖ·Ű'Ɵ:
ƾ59<'	%9E-H fqYKSo]Y[*w!)ż 9©ùǕ·
6)$;%Ƥ;8:*F^rJvŰ(îïŰ'ŅǓ$;5(Ãĭ
Ǖ·ŦƘĿWu`KǆŅǓƃǦy(ĪƯ<;ƘĿ%' )%Ƥ
9<; 
 Globin-like fold (ø;Wu`Kǆ(ǧ#Ʒ+primitive ;	*
truncated hemoglobin'&E-HfqYKSo]Y[ŅǓ)ßźǜ©?¼5;
6)6:¬Ĺ(ŦîïŰ' E-H fqYKSo]Y[ŅǓ?ßź(
Ĳ)çņ'Globin-like foldWu`KǆǕ·)ǖſ$Ŧ2<#	 )%Ƥ
9<;<* Circadian clock protein KaiA 7 Secretion control protein A 
chain '&)Wu`Kǆ(	#6Ëņ$; 
 íđōß(ǧ;Ƶľ9ƾ59<ǝ«nXvc*fqYKSŅǓ(
	#++Ƴó<;6)$ ȁ!ǔ' fqYKS(	#
<<ÖƳó<ǝ«nXvc?Ġ!%$E-H fqYKSo]Y[
îïŰ(ćė<;%ĹĊ<;2fqYKSǦNuWK[(!	
#)ƳóƘĿ9G, H fqYKSǦNuWK[ćė<)(E fq
YKSÊ;%Ø 2.11 (Ż)*<9fqYKSǦ)í
đūŐđōßǦNuWK[?ÅƱ·6)$;  
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(a) (b)  
(c)  
Ø 2.11 ÉWu`Kǆ)íđūŐđōßǦNuWK[  
 (a) 1FSL, (b) 1R8J, (c) 1XL3 )íđūŐđōß(8;ǝ«`WvuǼØ 2.10 À
şǽ?ÅƱ·6) 
 
2.5 Ƙǁ 
 ļƆ$*Wu`Kǆ)ǜ©ŅǓ?sOdtYK('9 ƩŸƂ?6%
(îï'ǜ©ŅǓ%Ƥ9<;ŅǓćėo]Y[*Wu`KǆŅǓƃǦy
$ĪƯ<;%	
ƿ?ǷŅǓ)ŃƒǼDalilite (8;ǽ7Ńƒ(č
9<ŅǓ)ŅǓćėo]Y[%#)Ĉ±)ĸŝ?ǀ/ƿ?Ńƺ
Ńƺ)ƘĿǕ·Ű'Ɵ:)ĸŝ(>9š()Wu`Kǆ(	
#6ŅǓćėo]Y[?ĝ
6))Ǧ$* (ïƣǝ«nXvc
Ǽφx(3)φx(3)φφx(2,3)φ(2)x(2,3)φφx(2)φ(2)x(2)φǽƾ59< 
 
 33 
 ŋƆ$*ƀ)cGvr\(!	#ŅǓćėo]Y[?Ř)¦ǜ)
ūŐđíđōß?ǀ/;%$Globin-like fold æ)ŅǓ(!	#6ŅǓ
ćėo]Y[?ƚĠ;5)íđūŐđōßƳó<;Źƾ; 
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ĥƃģ Ġ*\FifV.*şď 
 
3.1 İņ 
 Ph[Jœ'*9( ØÿúŻ\FifTChKż@Ĭ$ºĈúś)Ļ
<*&«Ŷ)ũ$+=2%)EXfIiĔ[1-7]ĮŇĔ[8-13]Ś
ËŐĔ[14-17]
<+¼¾('*ŇĦÿĔŲ[12, 18-21]:ĜġŜ
5:=$*ŝğ%Ph[Jœ*\FifTChK Ø)ũ$"
*aGWO`ŻbTfż[22-25]å÷=<&)vŀĔ(Ph[Jœ)
"$+*\FifTChKÿúĎŅ=<9)(!$[26]
(:¸ Ġ¸û(Ph[Jœ[27]*\FifTChK@ŏë%<aGWO`
&6*+ñ½¯$( 
 ê)ř/9)=:\FifTChK*ĊÖ+Ĕ)+¥Ph[J
œ*B_YţŢo)LiV=$<+%
;[28]Ô!$B_YţŢ
*Ņô)9!$à=</6*%
<(:Ė§Ţ*BdD
hahUĭõ7:Õ:=<ħĮþ½Úā²)ũ<Û³*3%+
xÜ*Ţ)"$*\FifTChK@ĊÖ#<&+Űté
Ţl)<ēăÚā²*É)9!$\FifTChK@ĊÖu<ŋ3

<ğË*Ý@¡5$;[29, 30]=:@ī3¦?<&)9;\F
ifTChK)<Û³@ş)à%<&ðÒ=<ģ%Þ*
ď Average Distance Map; ADM ŅôĄ[31]6ā²ŨÊ°ŕůĮŇ)²#
$<&@Ŧ3=,ēăÚā²*Ðų@¢$<&>¹
ĿĜġ)$Myoglobin&Leghemoglobin*\FifTChK)<ĊÖ
È@ã:=[32]*6*&j­%
<&Ķ:=< 
 &>%ģ%+Þ+ā²ŨÊ°ŕůĮŇ)²#ŢŅôĄ%
<
ADM ŅôĄ@ď$Łæ*úś)2!$½¯<úśÏÝcWRU@à
[33]ŜĔ(ĳ;ć)6ũ?:à=úśÏÝcWRU
+ēăÚ½Úā²{Ĵ)ũŷz*Ţ[Pih@â!$:

<úśÏÝcWRU)+*cWRU*úś)ÄnĊÁ*ŢbQ
i\@ÏÝ<½Úā²½¯<&y<óģ%+ Globin-like fold
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)Ū:t*vŀĔ(Ph[Jœ)$6úśÏÝcWRU&$rą
=š{)*9(Ñ@á&Ķ:=<½ÚēăÚā²½¯$
<*'@ùŊrą=úśÏÝcWRU&½ÚēăÚā²*
É*ũÚ)"$őŐ< 
 
3.2 éĄ 
 óģ%ď< ADM ŅôĄ½Úā²ŅôēăÚā²ŨLhPJU*Á
ĵ)+ģƂŴ&§j*6*@ď$<5ĘĐ<(ŅôÆŒ&
Ph[Jœ+ T4-Lysozyme[34]Leghemoglobin[32, 35]Intestinal Fatty 
Acid-Binding Protein[35]Azurin[36]*Ƅ"%
< 
 T4-LysozymeŻPDBID: 6LZMż+ C-type Lysozyme Family)ÇƂ"*ú
śVaDh@â" 164 ā²*Ph[Jœ%Ɓ"5*úśVaDh+Ž	 
Ƃ"5*úśVaDh+)9;úÝ=$<LeghemoglobinŻPDBID: 
1FSLż+ Globin Family)Çj*úśVaDh:(< 143ā²*Ph[
Jœ%)9;úÝ=$<Intestinal Fatty Acid-Binding Protein
ŻPDBID:1OPAż+ Fatty Acid-Binding Protein-like Family)Çj*ú
śVaDh:(< 133 ā²*Ph[Jœ%	 Zgfúś@&<Azurin
ŻPDBID: 1AZUż+ Cupredoxin-like Family)Çj*úśVaDh:
(< 126ā²*Ph[Jœ%q)	 )9;úÝ=$< 
 =:Ġ*úś)ÇĂŗĔ¸*ÂŸ(=$<vŀĔ(Ph[
Jœ)"$ADM Ņô&½Úā²*ŅôLhPJU*ô@(
úśÏÝ)Än<&=<rąš{&LhPJU$<½ÚēăÚā²
&*ũÚ@ģ* Globin-like Familyw·)"$Ņô(½Úē
ăÚā²ÏÝ<LhPJU*æ)"$+ŻƁżįæŻƂż§júśÏ
ÝcWRU)½¯<LhPJUæŻƃżt*úśÏÝcWRU*ā²&
*LhPJUæŻƄżúśÏÝcWRU·&*LhPJUæ*ƄĆ)ęĕ$
ŭŇ 
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3.3 ĭõ 
T4-Lysozyme 
 T4-Lysozyme +® 3.1 *9(úś@&<Ph[Jœ%
;ADM Ņô)
9;Ƃ"*úśÏÝcWRUrą=Ż® 3.2ĉż[31, 37]B_YţŢ
*Ņô%
<)6ũ?:rą=¥cWRUŻ16-58ā²ĕ& 86-161ā
²ĕż+úśl*VaDhŻ1-71ā²ĕ& 72-164ā²ĕż)69ÆØ$
;o×ĔÑ@á*9;ŹcWRU+ NòĤŻ16-58, ^eRJ
N&ƃ"*	 MiU@©4ż){Ĵ$ 
 
(a) (b)  
® 3.1 T4-Lysozyme )Æ< ADM Ņô&½ÚŅôĭõ  
ADMŅô)9;úśÏÝcWRU&$rą=š{ĨļĽŔĨļ*ŵ±+
== 16-58 ā²ĕŻαβ[RHhKż& 86-161 ā²ĕŻα^eRJNZhVfż
*ŵ±)ÆØ< 
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® 3.2 T4-Lysozyme )Æ< ADM Ņôĭõ*ōĩ  
ADMŅô)9;úśÏÝcWRU&$rą=š{ö*kńÏ+rą=
úśÏÝcWRU)ĖÎĲŖ-ýŖ+ā²đ¤%
;ÆńıĹ*øı
<
+ě+==^eRJN	 NUdhV%
< 
 
ŀ 3.1)Ğ½ÚēăÚā²+=="*t*ēăÚā²&Lh
PJU@ÏÝ$ŀ 3.2)+=:LhPJU*ŭŇĭõ@Ğ$<
½ÚēăÚā²+*¸Ż18 ā²o 15 ā²ż ADM %*rąŵ±
)½¯$;=:ā²ÏÝ<ēăÚLhPJU+¥rąŵ±%*
6*¹š@5(ēăÚā²*¦+'*ŵ±69Ƅƀź	ƅ
ƀź&¹È+ć!rąŵ±·*½ÚēăÚā²¦Ɔź%
!
*)Ærąŵ±*¦+ƁƂź%
!úśÏÝcWRU@2
½Úā²)9<ēăÚLhPJU
2;Ŏ5:=(&:=:½
Úā²)9<ēăÚLhPJU+\FifTChKð)¥úśÏÝcWRU
%==ċĺ)ÏÝ=¥úśVaDh@ÏÝ$&Ķ:=< 
 
(0.162) 
(0.220) 
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ŀ 3.1 T4-Lysozyme )<½ÚēăÚā² Ės~ď*mıu*ā
²+½ÚēăÚā²)ĖÎā²æ+ƁƆƄ%
! 
ŵ± 
½Ú 
ēăÚā² 
Ės~ď 
1-15 6-Met 98-Ala, 158-Trp, 161-Tyr 
16-58 18-Tyr 
29-Ile 
31-His 
32-Leu 
46-Leu 
58-Ile 
27-Ile 
13-Leu, 67-Phe 
49-Ala, 66-Leu 
 
17-Ile, 27-Ile, 33-Leu, 58-Ile 
15-Leu, 27-Ile, 33-Leu 
59-85 66-Leu 
67-Phe 
27-Ile, 31-His, 49-Ala, 50-Ile 
4-Phe, 7-Leu, 29-Ile, 104-Phe 
86-161 98-Ala 
102-Met 
104-Phe 
106-Met 
114-Phe 
129-Ala 
138-Trp 
149-Val 
161-Tyr 
6-Met, 149-Val, 153-Phe 
111-Val, 114-Phe, 133-Leu, 138-Trp, 149-Val, 153-Phe 
7-Leu, 29-Ile, 67-Phe, 71-Val, 74-Ala 
138-Trp 
102-Met, 133-Leu, 138-Trp 
120-Met 
102-Met, 106-Met, 114-Phe, 149-Val, 150-Ile 
6-Met, 98-Ala, 102-Met, 138-Trp 
1-Met, 6-Met, 9-Ile, 149-Val 
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ŀ 3.2 T4-Lysozyme )<½ÚēăÚā²ŨLhPJU*æ  
ŵ± LhPJUæ 
16-58 
LhPJUæ¦Ň 
ŵ±%Àĭ<LhPJUæ 
t*úśÏÝŵ±&*LhPJUæ 
lňw·*LhPJUæ 
 
12 
10 
0 
2 
 
86-161 
LhPJUæ¦Ň 
ŵ±%Àĭ<LhPJUæ 
t*úśÏÝŵ±&*LhPJUæ 
lňw·*LhPJUæ 
 
32 
23 
1 
8 
ŵ±*LhPJUæ¦Ň 55 
 
Leghemoglobin 
 Leghemoglobin*ADMŅôĭõ@ÂŬ*Ģ}úś. íĭõ@®3.3
)ĞŻƈƉƊŅô*6**ĭõ+® 3.4 ĉżrą=úśÏÝcWR
U+ 9-51 9- 65-140 ){Ĵ$;== A, B ^eRJN& E, F, G, 
H ^eRJN@ï$[32, 35]+ķ 0.220Óķ 0.324 %
!
&:Óķ* E-H ^eRJNcWRU*é\FifTChKð)
$9;¹(Ñ@ÝúśÏÝcWRU@ÏÝ<&Ķ:=<(
}&$*ēăÚā²*¦+ƅƀź0'%
!ŵ±·*½ÚēăÚ
ā²*¦+Ƅź%
!*)Æŵ±*¦+ƁƂſƅź%
! 
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® 3.3 Leghemoglobin )Æ< ADM Ņô&½ÚŅôĭõ  
ADMŅô)9;úśÏÝcWRU&$rą=š{ĨļĽŔĨļ*ŵ±+
== 9-51ā²ĕ& 65-140ā²ĕŻΕ−Η^eRJNcWRUż*ŵ±)ÆØ 
 
 
® 3.4 Leghemoglobin )Æ< ADM Ņôĭõ*ōĩ  
ADMŅô)9;úśÏÝcWRU&$rą=š{ōĩ+® 3.2&§û 
(0.220) 
(0.324) 
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 ŀ 3.3 )ĞēăÚā²ŨLhPJU@ÏÝ<½ÚēăÚā²(:-
)ŀ 3.4 )Ğ=:LhPJU*ŭŇĭõ:7+;rą=úśÏ
ÝcWRU)+½ÚēăÚā²É7&y< 
 
ŀ 3.3 Leghemoglobin )<½ÚēăÚā² Ės~ď*mıu*ā²
+½ÚēăÚā²)ĖÎ*+^`ĭ¦ā²%ā²æ+ƁƄƃ%
! 
ŵ± 
½Ú 
ēăÚā² 
Ės~ď 
9-51 10-Leu 
11-Val 
18-Phe 
29-Phe 
34-Leu 
44-Phe 
47-Leu 
125-Leu, 128-Ala 
69-Val, 73-Ala, 125-Leu, 128-Ala, 129-Trp, 132-Ala 
62-Ala, 66-Phe, 113-Ile, 116-Ala 
18-Phe, 62-Ala, 65-Leu, 66-Phe, 105-Val, 108-Ala, 109-Leu 
47-Leu, 51-Val 
30-Tyr, 33-Ile, 62-His 
30-Tyr, 33-Ile, 34-Leu, 58-Leu 
52-64 61-His* 30-Tyr, 44-Phe, 46-Leu 
65-140 66-Phe 
73-Ala 
76-Leu 
92-His* 
102-Phe 
104-Val 
108-Ala 
133-Tyr 
15-Phe, 18-Phe, 29-Phe, 109-Leu, 113-Ile, 129-Trp 
3-Phe, 11-Val, 132-Ala 
1-Val, 3-Phe, 131-Val, 132-Ala 
102-Phe, 140-Ile 
92-His, 133-Tyr, 137-Ala, 140-Ile 
33-Ile, 37-Ala 
29-Phe, 33-Ile 
65-Leu, 69-Val, 102-Phe, 105-Val, 109-Leu 
 
  
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 ŀ 3.4 )9<& E-H ^eRJNcWRU*½Úā²+01§ŵ±*ē
ăÚā²&LhPJU<A, B ^eRJN*úśÏÝcWRU*½
ÚēăÚā²+ E-H ^eRJNcWRU&6ēăÚā²ŨLhPJU@ÏÝ
$wlŅôĭõ:NMR )9<ÂŸĭõ[38]:*ĶÅ§û\F
ifTChKð)ÏÝ=E-H^eRJNcWRU.A-B^eRJNcW
RUĖs~ďîĪĔ( Globin-like fold *ÏÝ.Ļ<&Ķ:= 
 
ŀ 3.4 Leghemoglobin )<½ÚēăÚā²ŨLhPJU*æ  
ŵ± LhPJUæ 
9-51 
LhPJUæ¦Ň 
ŵ±%Àĭ<LhPJUæ 
t*úśÏÝŵ±&*LhPJUæ 
lňw·*LhPJUæ 
 
28 
8 
16 
4 
 
65-140 
LhPJUæ¦Ň 
ŵ±%Àĭ<LhPJUæ 
t*úśÏÝŵ±&*LhPJUæ 
lňw·*LhPJUæ 
 
28 
17 
8 
3 
ŵ±*LhPJUæ¦Ň 56 
 
Intestinal Fatty Acid-Binding Protein 
 dRU:Õ:= Intestinal Fatty Acid-Binding Protein; IFABP)"$
ADM Ņô@şď&>4-43 ā²ĕ9- 64-131 ā²ĕ)==
0.3109- 0.333@ĞúśÏÝcWRU&=:@©< 4-131ā²ĕ*
Lh[JUŵ±Ż 0.414ż6rą=Ż® 3.5, 3.6 ĉż 
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 ŀ 3.5 )+½ÚēăÚā²&*ēăÚā²ŨLhPJUĖßŀ 3.6 )+
=:LhPJU*ŭŇĭõ@Ğ7+;½ÚēăÚā²+ ADM Ņô
%rą=úśÏÝcWRUš){Ĵ7!Żŵ±·)½Úēă
Úā²*¦+Ƈźŵ±%+ƁƁź%
!ż 
 
 
® 3.5 IFABP )Æ< ADM Ņô&½ÚŅôĭõ  
ADM Ņô)9;úśÏÝcWRU&$rą=š{ĨļĽŔĨļ*ŵ±+
== 4-43 ā²ĕ& 64-131 ā²ĕ*ŵ±)ÆØ 
 
  
® 3.6 IFABP )Æ< ADM Ņôĭõ*ōĩ  
ADM Ņô)9;úśÏÝcWRU&$rą=š{ōĩ+® 3.2 &§û 
(0.310) 
(0.333) 
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ŀ 3.5 IFABP )<½ÚēăÚā² Ės~ď*mıu*ā²+
½ÚēăÚā²)ĖÎā²æ+Ɓƃƃ%
! 
ŵ± 
½Ú 
ēăÚā² 
Ės~ď 
4-43 8-Trp 
22-Ala 
23-Leu 
25-Ile 
36-Leu 
42-Ile, 110-Val, 115-Leu, 130-Phe 
 
77-Leu 
77-Leu 
10-Met 
44-63 57-Phe 
60-Tyr 
32-Ile, 33-Ala 
77-Leu 
64-131 64-Phe 
70-Phe 
88-Trp 
93-Leu 
106-Trp 
109-Trp 
117-Leu 
49-Phe, 86-Val, 93-Leu, 106-Trp 
86-Val 
49-Phe, 66-Val 
49-Phe, 64-Phe, 66-Val, 106-Trp 
62-Leu, 64-Phe, 86-Val, 93-Leu, 117-Leu, 119-Leu 
 
106-Trp, 130-Phe 
 
 2¥úśÏÝcWRUš%*½ÚēăÚā²ŨLhPJU+Ŏ5:=
6**cWRUŨ*LhPJU+½ÚēăÚā²&ű½Ú*ēăÚā
²&*Ũ*LhPJU*3ÏÝ=$cWRUŨLhPJU7 C òĤ
){Ĵ<úśÏÝcWRU*éŹ@â"('Leghemoglobin&*
ŷzÚ6Ŏ5:=	 Zgfúś@&<*Ph[Jœ%+LhPJUæ
*6*|¨)
! 
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ŀ 3.6 IFABP )<½ÚēăÚā²ŨLhPJU*æ  
ŵ± LhPJUæ 
4-43 
LhPJUæ¦Ň 
ŵ±%Àĭ<LhPJUæ 
t*úśÏÝŵ±&*LhPJUæ 
lňw·*LhPJUæ 
 
7 
2 
5 
0 
 
64-131 
LhPJUæ¦Ň 
ŵ±%Àĭ<LhPJUæ 
t*úśÏÝŵ±&*LhPJUæ 
lňw·*LhPJUæ 
 
19 
15 
0 
4 
ŵ±*LhPJUæ¦Ň 26 
 
Azurin 
 Azurin +® 3.7 )Ğ9(úś@&<Ph[Jœ%ADM Ņô)9;®
3.8 *9( 19-61 ā²ĕ9- 80-127 ā²ĕ)$*úśÏÝcWRU
rą=[36]*Ph[Jœ+	 NUdhV*ŁŮ(Ģ}ŢÌ@â"[25]
Kister:[39])9=,*Ġ*ŢÌ+ iđĕ*NUdhV&kđĕ*NUdhV
== i+1 đĕ*NUdhV& k+1 đĕ*NUdhV&LhPJU$
;" i, k đĕ*NUdhV
<+ i+1, k+1 đĕ*NUdhV=
=	 MiUúś@~!$<Ć%ŃÚ
<Ż® 3.9, 3.10 ĉż 
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® 3.7 Azurin )Æ< ADM Ņô&½ÚŅôĭõ  
ADMŅô)9;úśÏÝcWRU&$rą=š{ĨļĽŔĨļ*ŵ±+
== 19-61ā²ĕ& 80-127ā²ĕ*ŵ±)ÆØ 
 
 
® 3.8 Azurin )Æ< ADM Ņôĭõ*ōĩ  
ADMŅô)9;úśÏÝcWRU&$rą=š{ōĩ+® 3.2&§û 
(0.207) 
(0.355) 
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® 3.9 Azurin *úśÏÝ)$ť&(<ŵ±*üÍ®  
¬ń+	 NUdhV@p+^eRJN@øı+fi]š@Ğèı*!
	 NUdhV+úśÏÝ)$ť&(<Ñ@áŵ±&Ķ:=Kgi%
µ:=ŵ±+ēăÚ[RHhKŎ5:=<š{%
<Ż® 3.10ĉż 
 
 
® 3.10 Azurin *úśÏÝ)$ť&(<ŵ±*Ģ}úś  
® 3.9*èıš*ÂŬ*úśNSCRJ%ŀĞ=š{+½Úā²%
< 
 
i+1   k+1 
k      i 
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ŀ 3.7 Azurin )<½ÚēăÚā² Ės~ď*mıu*ā²+
½ÚēăÚā²)ĖÎā²æ+ƁƂƆ%
!Żā²đ¤+ƃ:ŧ»ż 
ŵ± 
½Ú 
ēăÚā² 
Ės~ď 
3-18 13-Met 44-Met, 117-His, 120-Leu 
19-61 22-Val 
29-Phe 
33-Leu 
35-His 
46-His 
49-Val 
99-Val, 102-Leu, 125-Leu, 127-Leu 
5-Val, 20-Ile, 97-Phe, 125-Leu 
7-Ile, 15-Phe, 46-His, 48-Trp, 87-Ile 
44-Met, 46-His, 87-Ile 
13-Met, 15-Phe, 33-Leu, 35-His, 117-His, 121-Met 
59-Val, 73-Leu, 80-Val, 83-His, 111-Phe 
62-79 72-Tyr 86-Leu 
80-127 82-Ala 
97-Phe 
102-Leu 
108-Tyr 
110-Phe 
111-Phe 
114-Phe 
117-His 
121-Met 
48-Trp, 50-Leu, 95-Val, 97-Phe 
29-Phe, 31-Val, 48-Trp, 50-Leu, 81-Ile, 82-Ala, 125-Leu 
22-Val, 50-Leu, 81-Ile, 125-Leu, 127-Leu 
50-Leu, 81-Ile, 125-Leu 
7-Ile, 15-Ile, 20-Ile, 48-Trp, 50-Leu, 125-Leu 
49-Val, 56-Met, 59-Val, 60-Val 
72-Tyr, 86-Leu 
13-Met, 44-Met, 46-His 
13-Met, 15-Phe, 46-His 
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3.4 ĶÅ 
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ĢƅĠ Ě« TIM-barrel fold IdQEŒ)ņé 
 
4.1 ıŇ 
  ïŚ<ęIdQEŒ$ #4Î4 g)TCfbL@dFò
ï<Ù!%*ũ7'	 [1]|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(
:#	'	gà$Myoglobin%Leghemoglobin)ŝ	<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Distance Map; ADM ņéü[2, 3]*?ZPšŠ(­"ņé$8Ĕ 
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<nÿ9%$9:* Globin-like fold (ũ7Ig-like family 5
Fatty acid binding proteinC-type lysozyme'&(	#4 ð$9[2, 4-6] 
 çĠ$*)6
'Ĕ Šŧ$)ïŚÇÕ_OKM(!	#&)6
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ÍÌ7:9)ņé9';Ĕ Š*2'Ÿwşx(ïŚÇ
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37:9 TIM-barrel fold (Â9IdQEŒ<ċ	TIM-barrel fold *
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	#ä4³)T>Zaf<å9T
CfbN$9³)TCfbL@dFòï(Ũ9ėĞ)TCfbN
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Imidazole glycerol phosphate synthase (HisF; PDBID: 1THF) % 
N’-[(5’-phosphoribosyl) formimino]-5-aminoimidazole-4-carboxyamide ribo-
nucleotide isomerase (HisA; PDBID: 1QO2)(Ėē9:7ƃ!)IdQ
EŒ*::)IdQEŒ$Ɗæġ)%Ɖæġ)%)ŧ(ź	
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4.2 àü 
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4.2.1 Ĕ Š)Ů 
 © 4.1 ( TIM-barrel fold (Â9IdQEŒ)|<ęq¦ņé¿ő%
9 HisA, HisF )Ĕ Š*UniprotKB LfIXfH[17]7 e-valueƈ0.01
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Ů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 
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4.3.1 HisF, HisA (¿9 ADM ņéĬê 
 HisF(¿9ADMņéĬê<©4.3(a)(ęïŚÇÕ_OKM%#*
6-66, 73-116, 124-173 6, 186-250 ö­ē)ƅ!)ŷ¬Ì7:ŷ¬
*adšĬGAM<::Ƃ!Ù #8*ŵ( 0.153, 0.130, 0.129
6, 0.190 $ 55kġ)ź	¡(94))2' ĜÄ
)<Ù:7ïŚÇÕ_OKM*TCfbL@dF(	# ĜÄ)
É<Ø
%Ķ7:'::)ŷ¬<ïÕ9oôïŚ*
β1-α1-β2-α2, β3-α3-β4-α4, β5-α5-β6 6,α6-β7-α7-β8-α8 $8α6 Ƅď
ē)ïŚÇÕ_OKM$*'ƅďē)_OKM-»ĵ:#1 )<
Ū+2'(β/α)2ïŚ(ĔÆ#	ŷ¬<Ɗæġ7ŵ(œŲİ
żĺ$Ėĺ4)<© 4.3(b)(ę 
 
(a)  (b)  
© 4.3 HisF(1THF)(!	#) ADM ņéĬê%ğzïŚ  
(a) ADM (68nÿ:ïŚÇÕ_OKMƅ!¸ª6-66, 73-116, 124-173, 
186-250 ö­ē(xĴ#	(b) ¼Ŭ)µăïŚ(¿#::)ïŚÇÕ_
OKM< N æġ7ŵ(œŲİżĺ$Ėĺâ4) 
 
gà HisA * HisF  ð( 14-56, 76-101, 100-166 6, 183-240 ö­ē)ƅ!
)ŷ¬Ì7:ſ© 4.4(a)ƀ::)* 0.185, 0.154, 0.116, 0.279 $
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β1 β2 β3 β4 
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AD 60000W\[hƭ?
Ǡ!	 
 
5.2.4 ¢úȑƢō.ǃǲ 
 ¢ǃŌƢōD¹Ÿ@Ȁ,ßȏ)+@./.ǃǲť(@	Ųù.ĸŜ
é.8Ų,Ȓ¢DĮ%ëÔ<­)'ĈçŽ+¢DĮ%ëÔ+*
gL~x]H|RřœȖq]xȗ,ĝ'Ŕ
+ëÔöæ@!:ëÔ,
ĝ!ǃǲťDǮĩ@ĜƼ@	 Ferredoxin-like fold .ëÔ
TNfn3/CD2d1+*)ÕŔ,ŚœǥÃ(¢DĈçÁ.ĈçÁ!
¢(;$'ǒǐA@¦×,@=($!	  
 .#.%(@ S6DÿǓ)! Oliveberg>.ƇƐ[9],=A0œǥ
ĒĤǩƍ,'ǶK|^zf~,.8ð+ĵÀD@°ȋµíŻDŦ
Ÿ!úȑƢōDǙ7@).Y|cQǕ/ǰµǫǿ,@ŚœǥƼ
Ɯ,=?œĤA@œǥĒĤt`[^Ț%öæÓ
.t`[^/å 5.3
,Ɗ=,β%.iw[QW3Ț%.	 W^v|_ǰƮ@ĒDĮ%)
	ĕ>/.Ț%.œǥĒĤt`[^ǯ.ŚœǥƼƜD®Ňǯ´
Ž,ǳƻ@)(đǊY|cQǕȚųĢŽ,gL~x]H|R@.(
/+)ưþ7!œǥĒĤt`[^.©Ğ/Ó
β%%Į%i
w[QW.Ĉç¢(ŢùA@)ư!	 
 
å 5.3 Oliveberg >,=?ĴÞA! S6 .Ț%.œǥĒĤt`[^  
ǖŎȆŎA Aβ%.iw[QWȖȗ)Ț%.	 W^v|_ȖǂȗD
Ù9Ĉç¢.Ƣō>ưþA!œǥĒĤt`[^(@	 
 
α1 α2 
β1 β2 β3 β4 
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 U1A / Oliveberg >.Rx~h,=@ƇƐ[10](@¸.Rx~h,=
@ ADA2h +*DĨ$!.ƇƐ[11],';Ț%.iw[QW.#*#
>«,œǥĒĤ,ü@.ưþ+A'@	å 5.4,Ɗ./áÎ
?ĨY|cQǕ.¢Ê1ŚœǥŞ,ĈçÁ!¢ȖĈç¢ȗ(@
.Ƣō,é&'œǥĒĤ,ü@ŚœǥDùƯ@ȀĈç
¢DĮ$'@iw[QW=?;ȒĈç¢DĮ%Śœǥǭƌų
Ģ,'Ŀ,œǥĒĤƹCA'@ǯ´(@)'ƾ£A!	 
 
(a)                                (b) 
 
(c)                                (d) 
 
å 5.4 ÓY|cQǕ.¢=1ÓŚœǥ.Ĉç¢  
(a) U1A, (b) ADA2h, (c) S6, (d) mtAcP	ǖƩȆƩ/A Aiw[QW)	 W
^v|_.Ʈ=1Ĉç¢DƊ'@	ŗǛ/ŜéźÒDƪǛ/¢DƊ
	ĺŴ=?ſıčŸ!¢/Ȕ(hz[^!	 
 
å 5.5 .Ñµ,Ɗ!ǖƂƶǯ/.ư,é&œǥĒĤ,ü@)
·ĻA!Śœǥ(@	!"S6 ,Ǻ'/α1 =1α2 Õƍċ.Ĉ
ç¢DƊ.Y|cQǕ,ş4';ąǌ:>A+$!!:α1, α2)
;,ǖƂƶ!	 
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å 5.5 ADM ŨƢōȖĄȗ)Ĉç¢ȖÑȗ,é&œǥĒĤt`[^ǯ  
(a) U1A, (b) ADA2h, (c) S6, (d) mtAcP	Ąµ/ADMǃŌ,=$'ŨA!=?Ȓ
¢DĮ%œǥĒĤt`[^DȓƶȖȡŉƔ¤ȗ7!/ƧƶȖȟŉƔ¤ȗ(Ƃƶ
ƺƊ'@	S6.8ȡŉƔ¤ȟŉƔ¤56Õ.¢DĮ$'!!:Ľ.
ȌèDƂƶ!	Ñµ/Ĉçφ¢Ă+);Ľ.αiw[QW.Ĉçφ¢=?Ȓ
ŚœǥDǖ(Ƃƶ!	S6.8Õƍċ.Ĉç¢($!!:Ľ.iw[Q
WDƂƶ!	 
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5.2.5 öĞżŠĞŜéǹS|YQ^ 
 ŊƓ(/ ADM ǃŌť(Ÿ@ĠùN[^MgǘȃDA7(. 15Å >
10Å 3íń!	A/ŊƓ(Î?ĨY|cQǕŜéǸ 100 .şǜŽ
ā+Y|cQǕ(@!:(@	7!ƒœǥ,é&S|YQ^.·
ù,%';, 27Å ƀŸƀħ.Ūôȅ³ƺȈƏD»ŧ!)
)!	A/Ț%.ŮƜÆõ.gF|]x{~xWÂĖ(ý,ı
!ëÔ,ŧĂ@Ūôȅ³ƺȈƏ 27.27Å(@),=@	 
 BLASTőƝ[14],Ȁ'/ƀÕǰµőƝ.Ȁ,Ÿ@ǻ¢Ȗe-valueȗD 0.01
)!ǯ.Ƶ(/ƀÕǰµ,';ÕŔ.œǥĒĤt`[^D
Ɗ*.ǃŌ,/Ÿ@)(+!:(@Ǽ?ª.őƝǰµ
­,ÿĝ@ǯD;%ǰµDņ 100 T|hxÍȂ!	ÍȂ!ǰµ/
öĞǃŌ,;Ÿ>A!	őƝ,Ÿ!]~Yj~W/ Uniref100[15]($
!	+öĞǃŌ,'/öĞ)·Ļ@Ȁ.ǻ¢D 99%)A7(.
ǃŌ,ş4Ç!żŠĞŜéȖA, M, W, L, F, V, I, Yȗ>żŠĞŜé
3.íŻ/íŻ)'ƾ£+=,!	A,=?*.=+ǯ,
®ǣ'żŠĞŜéƮ'@.ŀ>,@)Dǉ8!	+ǰµ
,@öĞżŠĞŜéǹS|YQ^ýċDÐǀÁ@)DžŽ,N
~axýċĲùťDŸ'öĞżŠĞŜéǹS|YQ^ĸ.ĈūÁ;ƹ$!	 
 
5.3 Ƣō 
5.3.1 ADMǃŌť,=?ŨA!œǥĒĤt`[^ 
 å 5.6Ê1ƺ 5.1,ADMǃŌť,=?ŨA!œǥĒĤt`[^)ǋƞD
Ǉǝ!	.Ƣō>Ȝ%­','β%.iw[QWDĮ%œǥĒ
Ĥt`[^A A N ŉƔ¤) C ŉƔ¤.ËĽ,ŨA!)´@	 
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 (a)                                (b) 
 
(c)                                (d) 
 
å 5.6 ǃŌÿǓY|cQǕ,ÿ@ ADM ǃŌƢō  
(a) U1A, (b) ADA2h, (c) S6, (d) mtAcP	ĠS|YQ^m[h).ǃŌ.Ƣōę
>A!œǥĒĤt`[^Dǖ7!/ȔŎ(ƺƊ@ȖǖŎ/=?Ȓ¢DĮ%Ȍ
è,ƀđȗ	ƪǛ=1ŗǛ/ŜéźÒ(?ÿǂƩƳ.ȆƩ@/ǖƩ/	 W
^v|_@/iw[QWƮDƊ'@	úƩŎ,=@ǂĒ/Ũœǥ
ĒĤt`[^DƈƩŎ,=@ǂĒ/­,Ê2S|cQ^ȌèD:'?
A>Ƴ,Ɗ!ĸ¢/Ó
.¢(@	 
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ƺ 5.1 ADM ǃŌƢō.7): 
PDB entry N ŉƔ¤ C ŉƔ¤ η¢  ©+t`[^ 
1URN 
(U1A) 
12 95 0.112b   
12 59 0.110 N 
62 95 0.047   
1O6X 
(ADA2h) 
4 
50 
29 
80 
0.066 
0.197 
  
C 
1RIS 
(S6) 
6 91 0.115b   
6 30 0.091 N 
52 91 0.087a   
60 91 0.095 C 
1APS 
(mtAcP) 
1 39 0.154 N 
1 47 0.132a   
61 96 0.036   
a)85%x~xDǬŸĭď!ëÔ. b)­DƽS|cQ^Ȍè($!!:ŊǃŌ,'
/Î?ĨC+$!;.. 
 
 U1A < mtAcP +*(/ C ŉƔ¤.œǥĒĤt`[^,ş4 N ŉƔ¤.œǥ
ĒĤt`[^.Ľ=?Ȓ¢DƊ'?N ŉƔ¤.œǥĒĤt`[^
gL~x]H|R¶ň,ðü@)!ADA2h (/ÿƋŽ
,C ŉƔ¤.œǥĒĤt`[^ǳƼ+Ĕ½Dō!)ƊÝA!	S6
,%'/Ț%.œǥĒĤt`[^56Õ¢DƊƔ);Õƍċ
.Ĕ½DƊ)!	.ƢōDúȀ.Y|cQǕœǥ3ÌŁ!;
.Då 5.5 .Ąµ3Ɗ	ȓƶ,ƂƶA!ǯ/ȡŉƔ¤.œǥĒĤt`[^
(?Ƨƶ,ƂƶA!ǯ/ȟŉƔ¤.œǥĒĤt`[^(@	ADM ǃ
Ōť/ǰµǦƤ!ȌèDœǥĒĤt`[^)'ùƯ@!:ïĂ.ąŻ
/ǌ:>A@;..Œ-Ñµ.Ĉç¢>ŢùA!œǥĒĤ,ü@
Śœǥ)ÕŔ.ǯƂƶA'@)å 5.5 =?Ɖǌ³ŋ@	 
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5.3.2 F ¢ǃŌť)öĞǃŌDŸ! Hydrophobic collapse ǯ.Ũ 
 Ƞ¢.ȒŜé/.Ȍè)S|YQ^DĮ#<)ư>A@Ŝé(
@	ŜéǹĈçǘȃƣǆżŠŽĞǕ)ýı,ǺC$'@)DǙ7@
)gL~x]H|R¶ň,Ǘ@ Hydrophobic collapse[16-19].Ǘ?<
ǯ,ƀđ@)@	7!țƓ(.öĞżŠĞŜéǹS|YQ^
.ïŨA!œǥĒĤt`[^¯ǯ(øƢ'!)DǷ8A0œ
ǥĒĤt`[^¯ǯ,Ʈ@Ƞ¢.Ų,ȒȌè@/f~Q/đǊœǥ
ĒĤt`[^.ĒĤ,Ų,ü@;.)ư>A@	 
 å 5.7 ,Ɗ./Ƞ¢ǃŌƢō)öĞżŠĞŜéǹS|YQ^DĈūÁ
ýċ´Ćų,!;.(@	ýċ´Ć.f~QƮȖȗȠ¢.f~Q
ƮȖȗ)ş4';=ÿĝ'@).å>@	 
(a)                                (b) 
  
(c)                                (d) 
  
å 5.7 ǃŌÿǓY|cQǕ,ÿ@ F ¢ǃŌƢō  
(a) U1A, (b) ADA2h, (c) S6, (d) mtAcP	ƪǛ/Ƞ¢ŗǛ/ŜéźÒ,ƀđ	ǯ,
/Śœǥ)öA!Ŝé.ƮÊ1ƎȐADM ǃŌ,=?ŨA!¢.Ȓ
(primary)7!/(auxiliary)œǥĒĤt`[^DƊ'@	+úƩ)/ F ¢
).f~QƈƩ)/öĞŜéǹS|YQ^ýċ).f~Q(@	  
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 +żŠĞįŕ)'ƺŽ+ Hydropathy plot[2](/U1A, ADA2h, S6, 
mtAcP (Ƞ¢). 1582 Ŝéž.ƀǺA A 0.86, 0.32, 0.52, 0.65 (
?ƀǺ.Ď;.;ǌ:>A!	úȀ, ADA2h . 27 Ŝéž< S6 . 28 Ŝé
ž.Ƞ¢f~Q,/żŠĞįŕ,ÿĝ@ǯǌ:>A+$!	 
5.3.3 ƀÕǰµ3. ADM ǃŌťǬŸƢō 
 TIM-barrel fold î.ǧÁŽǺǦĞ.@ǰµǹ(œǥĒĤt`[^ö
A'@.ØDǏ4@!:BLAST őƝ,=?ÍȂ!ƀÕǰµ,ÿ
' ADM ǃŌťDǬŸ!ƢōDå 5.8 ,Ɗ	ƀÕǰµ. MUSCLE[20],=
@mxZhxGvI|p|^Ƣō,ÿŨA!œǥĒĤt`[^,ƀđ
@ȌèȔ>ŭ.ƶ(ƂƶA!	ǰµ/ŨœǥĒĤt`[^.Ƶċ
Dª,'>A!ƚƣŘ,Ę!ƢōDƊǰµÕìDȁı@=
,1Ņ'@	.Ƣō>/mtAcP Dǽ'ƀÕǰµǹ(şǜŽœǥ
ĒĤt`[^öA@)@	A>öA!œǥĒĤt`[^
D=?ŀƉ,@!:å 5.8 ǯ,ÓGvI|p|^TI^œǥĒĤt`[
^¯ǯ,ÙŇA'@½ÔDƊ!	.¢ȒA0Ȓ5*đǊTI
^/ŃǨŽ,œǥĒĤ,ü'@TI^)'ǃA@	 
 U1A ,'/ N ŉƔ,Ʈ'!β1, α1, β2, β3 ADA2h ,'/
C ŉƔ¤,Ʈ'!β3, α2, β4 ï.ƀÕǰµ,';Ľ,ş4
Ȓ¢DĮ%œǥĒĤt`[^DœĤ'!	S6 ;ĸï.ƀÕǰµDĮ
#.5)E*­'β1, α1 @/β3, α2, β4 ,œǥĒĤt`[^DƊ!	
!"¢.ðā/ȡŉƔ¤)ȟŉƔ¤*#>Ľ,ù7@)+ƀÕ
ǰµ.ǹ(00Ż+$'!	.Y|cQǕ,'/ĉ%.ƀÕǰ
µ,'β2 .ȟŉƔ¤,;Ɔ+>œǥĒĤt`[^ǌ:>A!
đǊǯ/ȟŉƔ¤.œǥĒĤt`[^.β3 )βiGf|DĒĤ@	A
,=mtAcP Dǽ!ț%.Y|cQǕ,'/ƀÕǰµǹ(œǥĒĤ
t`[^öA@¦×,@)!	mtAcP (/®ǣ.œǥĒĤt
`[^/ƾ"+$!;..ƀÕǰµ.#>/ S6U1A @
/ ADA2h ,Ȑ!œǥĒĤt`[^DƊ'!	 
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å 5.8 ƀÕǰµ,ÿ@ ADM ǃŌƢō  
(a) U1A, (b) ADA2h, (c) S6, (d) mtAcP	GvI|p|^Ƣō,ÿ'ǖȖȒ¢ȗ
>ȔȖ¢ȗ.ƶ(Ó
.ŨœǥĒĤt`[^ƮDƂƶ!;.	GvI
|p|^Ƣō.ǯ/ŚœǥDǯ/ ADM dW^RvoDƊ	 
(a) 
(b) 
(c) 
(d) 
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5.4 ưþ 
 Ȝ%.Y|cQǕ,ÿ'. ADM ǃŌť(/A AȚ%.œǥĒĤt
`[^Dę@)³ŋ7!ÓœǥĒĤt`[^/β%.iw[QW)Ț
%.	 W^v|_>+$'!	A>Ȍè/şǜŽȒĈç¢DĮ%
ŚœǥDŇ'!	Ę$'¼Ɠ7(.Y|cQǕÕŔ,ŊƓ(Î?Ĩ$
!Ferredoxin-like fold,';ŨA!œǥĒĤt`[^/gL~x]H
|R¶ň,ǳƼ+Ĕ½DīƗĦ,ÿĝ'@)ư>A@	 
 ¢>/ mtAcP ) U1A ȡŉƔ¤,=?ǳƼ+œǥĒĤt`[^DĮ%
)Ľ( ADA2h/.Ǣ.¦×,@)ƊÝA!	S6,Ǻ'
/Ŀ,Ƣō,Ǉǡ!ǣ?ȡŉƔ¤)ȟŉƔ¤.*#>;Õƍċ.œǥĒĤ
t`[^DŇ'!	å 5.5,Ɗǣ?A>Ƣō/úȑ¢>Ĳþ!œ
ǥĒĤ,ǳƼ+ǯ)=ÿĝ'!Ų,*.=+ǯü@
,%'/ǅÊ(+ƍċ.ǃ¨ċ($!	 
 Ƞ¢ǃŌť.¹Ÿ,=$'>Ȓǃ¨ċ(gL~x]H|RřœDĲ
ǵ@)³ŋ@	å 5.7,=A0żŠQvWY~D?<ǯ.ě
/00Śœǥ.Ɣ,Ʈ7!ņ;ȒȠ¢DĮ%f~Q/=?¢
.ȒœǥĒĤt`[^¤,öæ'!	0U1A (/β1 >β3 7(
Ȓ¢DĮ%S|cQ^Ȍè($!ņ;ȒȠ¢DĮ%f~Q/β3
,Ʈ'!	7!ȇć,ĊèŽ+Ƞ¢f~QDƊ! ADA2h.ȟŉƔ¤D
ǽ'ȖđǊƗĦ.öĞżŠĞŜéǹS|YQ^/ā+f~Qĸïö
æ@ųŤ($!ȗȠ¢f~QƮ)öĞżŠĞŜéǹS|YQ^.ýċ
´Ćf~QƮ,/ǍąțŜé¯ƍċ(.ÿĝǺǌ:>A!	A>
öĞżŠĞŜéǹS|YQ^/œǥĒĤǩƍ(ǳƼ+Ĕ½Dīǯ)ư>
A@)>A,ÿĝ@Ƞ¢f~QƮ7C?.żŠĞŜé;ÕŔœ
ǥĒĤ.¶ňǩƍ(ǳƼ+Ĕ½Dī)ư>A@	 
 ADM ǃŌť(/¢ǃŌ,=?œǥĒĤǳƼ)A!ǯDÙ9Ȍè
œǥĒĤt`[^)'Ī³AȠ¢ǃŌť(/öĞżŠĞŜéǹS|Y
Q^DÌŁ!ƢōDę@)³ŋ!	úDª,ÓY|cQǕ,%
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'.gL~x]H|RřœDưþ@	 
U1A spiloceosomal protein; U1A 
 å 5.7(a),Ɗ=,¢.ȒœǥĒĤt`[^/β1 >β3 7(.Śœ
ǥDÙŇα1, β2, β3 A Aβ%.Ƞ¢f~QDŇ'!	;Ľ.
œǥĒĤt`[^/ȡŉƔ¤.œǥĒĤt`[^ĒĤA!ė,gL~x]
H|R,ǺC$'@)ư>A@	Ternström >[10],=A0¢.úȑ
Ƣō>/β1 >β3 /α2 >β4 7(.Ȍè,ş4'=?œǥÁA@Ȍè(
@)ƊÝA.ú/ĥ
.ưþ)ÔƵ@	 
Procarboxypeptidase A2; ADA2h 
 ¢.ȒœǥĒĤt`[^/ȟŉƔ¤,Ʈ'?β3, α2, β4 DÙŇ
'!	ÿ'ȡŉƔ¤.œǥĒĤt`[^/β1 )α1 .8DÙE(!	ȡŉ
Ɣ¤œǥĒĤt`[^¯ǯ,'/Ƞ¢f~Q/α1 ,Ʈ'?α1
đǊt`[^(ěŽĔ½Dō!)ƊÝA!	Ľ¢.Ȓ
ȟŉƔ¤œǥĒĤt`[^(/Ƞ¢/β3 >α2 D7!ȇć,ĊèŽ+f~
Q)+$'?β3 >α2 7(œǥĒĤA!ė,ȡŉƔ¤.α1 )ƀ
Ÿñűœǥ,ƴ@)gL~x]H|RřœưþA!	 
 +>.Y|cQǕ,'/ȟŉƔ¤Ƞ¢f~Qǟ¥,öĞż
ŠĞŜéǹS|YQ^7?ǌ:>A+$!	A/ÕȌè,§+S
|YQ^ĸDĮ%öĞżŠĞŜéż,´Ć'?Ƞ¢ǃŌť.ǃ¨ċ
(/A>D¡¸,Ǒ¸@)(+$!!:)ư>A@	 
Ribosomal protein S6; S6 
 ¢.ȒœǥĒĤt`[^/ȟŉƔ¤.β3, α2, β4 DÙ9Ȍè,Ʈ'
!ȡŉƔ¤.β1, α1 DÙ9Ȍè.¢)ð+Ǫ/ǌ:>A+$!	
úŶæ. ADM ǃŌť.ǃ¨ċ(/*#>.œǥĒĤt`[^=?
ěŽĔ½Dō!/Ļù@)(+	Ƞ¢ǃŌť,=A0ņ;Ȓ
f~QƮ'!./α1 .ȡŉƔ¤)β3 .ȟŉƔ¤.ȚƗĦ(?
Lindberg >.ưþ!β1, α1, β3 >+@œǥĒĤt`[^[9, 21])ÿĝ'
@)ư>A@	 
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 S6 ,'/úȀ.ƒœǥ,é&!ǃŌ>ȟŉƔ¤.œǥÁA'
+Ȍè)	 U~^ǹ.÷ùŽ+ƀŸ,%'êÛ?A,=
$'gL~x]H|RēȉDÏ@ÐƲĞƊÝA'@	+>
ADM ǃŌť,=A0ȇœǥÁȌè/ǰµ­)ȇŲŻŽ+S|YQ^DĒĤ
@¦×,?NMR ,=@úȑƢō;.¦×DĶĮ'!)>	 
U~^)ȇœǥÁȌè).ƀŸD)?C'ưģ@ĜƼ/Ű)ư>
A!	 
Muscle-type acylphosphatase 2; mtAcP 
 ¢.ȒœǥĒĤt`[^/ȡŉƔ¤.β1, α1, β2 DÙ9Ȍè,Ʈ;
Ľ.œǥĒĤt`[^/ȟŉƔ¤.α2, β4, β5 DÙE(!	.Ƣō/
ŜéǹS|YQ^.´Ć,é&'żŠQvWY~.ƮDǃŌ!Ƣōα1
Dě)!żŠQvWY~DĶĮ! Selvaraj >.ƇƐ[22])ƃƁ+	
Ƞ¢.f~Q/α1, β2, β3, α2 (ǌ:>Aβ3 Dǽ'ŨœǥĒĤt`[^¯
ǯ,Ʈ'!	>/α1 )β2 ņ¶,œǥÁA!ė,α2 A
,Ǿ3β3 Ǻ@)(ņƟŽ+ñűœǥDĤ)gL~x]
H|Rřœư>A@	+>.řœ/β3 β2 =?;œǥĒĤ
ǳƼ+Ĕ½Dō!)Ĉç¢Ɗ¯û)ƀûA+=,ƾ@	 
 Parrini >.ƇƐ[23](/β3 )β1 DVWxgH_ƢÔ(Ƭ),=?β3
DĐºŽ,œǥĒĤ¶ňǩƍ(ǔŴ!ƢōgL~x]H|RǤċ¾Ž
,ķà!	A/Ǵŷŏ,@β3 .œǥĒĤȖ¶ňȗǩƍ3.¿C?&>
DƊÝ¼ŝƷ(ưþ!gL~x]H|Rřœ);ƃƁ+;.(
$!	 
 +>¢úȑDƹ$! Chiti >[12] 23 Ŝéž.ņ;Ȓ¢Dú
Ȁ,/Űǀ'@)/ưģ4ú(@	ĕ>/α1 .đǊ¢DŰ
ǀ!(ADA2h )ÕŔα2 ¤.Ĉç¢α1 =?;Ȓ)DŐĬ,
ADA2h)ÕŔα2Dě)@gL~x]H|Rřœ(@)Ƣǐ&'!	
α2 gL~x]H|R.ěŽĔ½Dō!)ƾ£'@ǐĺ/.,;
ĉ%@[24-27]..β%(@ Taddei >.ƇƐ[25]/α1 3.í
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Ż/GnzI_ƫƥÁ+*.ȇñű.ƀŸDčǗ.!:,α1 .
¢D.77 Ȏ(@¢)ƾ+/(+)Ƣǐ($!	α1
3.íŻĀ¬GnzI_ƫƥÁDčǗα1 >.Ē(Ŋŋ.œ
ǥĒĤǩƍ,ÿ'ǔŴ'@./ú(@mtAcP .gL~x]H|
RřœDǃǲ@)/</?Ȅ)ư>A@	 
 ǡ.ưþDơ'gL~x]H|Rřœ3ü@)ư>A@öĞż
ŠĞŜé/Ƞ¢f~Qǟ¥,Ʈ@¦×,@)ĶĮA!	+
>.ưþ(ę>A!gL~x]H|Rřœ.ƀÕǰµ,ÿ';Õ
Ŕ,ǬŸ(@)/Ǽ>+	ƀÕǰµǹ(ÕŔ.œǥĒĤt`[^DĮ%
*Dŀ>,@,/A>ƀÕǰµ,ÿ'±1ÕǃŌťDǬŸ@
ĜƼ@	ADžŽ)'BLAST őƝ,=?ÍȂ!ƀÕǰµ,ÿ'
ADM ǃŌťDǬŸ!)BmtAcP Dǽ!.Y|cQǕ,'
.ƀÕǰµǹ(œǥĒĤt`[^,ǺöĞǌ:>A!	.ǃŌ,Ȁ
'œǥĒĤt`[^.ƵċDùǵÁǰµƵċ).ǺĞDš:!Ƣō
Då 5.9 ,Ɗ	 
 å 5.9 .ŗǛ/ƪǛ(@œǥĒĤt`[^Ƶċ.Ĉç¢Dš:!Ȁ,Ÿ
!ǰµȂã.ǰµƵċǼ¢(@	.¢āA0ā5*ǰ
µƵċ.ǰµDưģ,¬A@),+@	å 5.9 >/ȖÓ
.öċ
Ô,/ïĂ.ąǌ:>A!;..ȗ.ț%.Y|cQǕņ(;œǥ
ĒĤt`[^.Ƶċ 75%,Ź7$!.,ÿmtAcP (/ǰµƵċ 70%
ƍċ(.¢Dá?ó:ņƟŽ,/ 62%ƍċ7(Ʒ#ǞE"	.Ƣō/
mtAcP .ƀÕǰµǹ(ȖǰµƵċëÔ,/Ų,ȗœǥĒĤt`[^
ïŔÁ'@)DƊÝ@	Ľ(ǰµƵċ)œǥĒĤt`[^.Ƶ
ċÃƛ+ƀǺǺ,@C(/+);ƊÝA!	đ¶/ǰµƵċ
Ȓ5*œǥĒĤt`[^.Ƶċ;Ȓ+@)ư>A!ǰµƵċ
';ÕœǥĒĤt`[^DĮ%ëÔ?ǰµ,ş4œǥĒĤt`
[^/öA@¦×,@)ƊÝA!	 
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Ĉç ADMƵċǆƘł.ǰµƵċ.Ǽ¢ 
 
å 5.9 ǰµƵċ) ADM Ƶċ.Ǻ  
ƪǛ/Ĉç ADMƵċDŗǛ/ADǆƘ@Ȁ,ÍȂ!ƀÕǰµ.ǰµƵċ
Ǽ¢DƊ	ǳƩúƩƈƩůƩ/A A U1A, ADA2h, S6, mtAcP,ÿĝ	 
 
 ưþD7):@)Ferredoxin-like fold (/ U1A .=,ð+Ã
.œǥĒĤt`[^,ÿ'ā+ǯ´œǥǾ@ëÔ)S6 < ADA2h
(ǌ:>A!=,Ț%.œǥĒĤt`[^Ȗβ%.iw[QW)Ț%.	 
W^v|_>+@ȗDĮ%ëÔ@/ƀÕǰµǹ(.ȚDÙ9Ŕ

+gL~x]H|RřœDÚ@Ȗ+C#Ųù.öA!gL~x]H
|RřœDƊ+ȗëÔ.țǣ?@)ƉǌA!	 
 
1 
0.9 
0.8 
0.7 
0.6 
0.2 0.4 0.6 0.8 1 
Ĉ
ç
AD
M

Ƶ
ċ
 
 89 
5.5 Ƣǐ 
 Ĉç¢,=?œǥĒĤǳƼ+Ĕ½Dō!)'ư>A!ǯ/
ADM ǃŌť(ę>A!œǥĒĤt`[^,=ÿĝ'!	Oliveberg >.
S6 (.úȑ[9, 21],=?ǌ:>A!=+ŉƔ,A Aβ%.œǥĒĤ
t`[^Ʈ@)¦×/Ferredoxin-like fold,®ǣ!¦×)'ę
>A!*#>=?ǳƼ+Ĕ½Dō!.Å#*#>.œǥĒĤt`
[^=?Ȓ¢DĮ%.,%'/ÓY|cQǕ(Ż+$'!	úȀ
/.¢.Ǫ/úȑŽ,š:>A!Ĉç¢DÌŁ!;.,+$'?
œǥĒĤǳƼ+öĞżŠĞŜéǹS|YQ^DÌŁ!;.)+$'@
Ƞ¢ǃŌť)Ơ8ÔC@)(Ă+);áÎ?Ĩ$!Ȝ%.Y|cQ
Ǖ,%'/=?ǋƞ(úȑú,ţgL~x]H|RřœDĳ²@)
³ŋ!	 
 7!ǰµƵċ)œǥĒĤt`[^Ƶċ).ǺĞ,=A0ǰµƵċ
ηαȕ(A0ƀÕǰµǹ(öA!œǥĒĤt`[^DĮ!+ë
Ô(;!gL~x]H|RřœDƊ)ƊÝA!	.éũDá@
ëÔgL~x]H|RřœƥĮA@Y|cQǕ)A+Y|cQǕ,
CA@)´$!	 
 úȑ/.Y|cQǕ,';ÕŔ,ǬŸÐƲ+;.(@ŚƓ
(/ mtAcP Dǽț%.Y|cQǕ.œǥĒĤt`[^öĞ*.=,
';!>A!.DǃŌ@	 
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ŸǥŶ PskǁƈĝF-IEÿǔVƜįRHVćŠ 
 
6.1 ƄƝ 
 ŸǣŶRŸǤŶVƀİIWâ!Vc|mYƫQç%L-ķƶþČwj
fhƥEIL-FVVHVçúÈ8WöƥEIL-[1];
ADA2h G S6 QWũÉƿ±ǇQªƵVķƶþČwjfhŁƲŦç%LP
-mtAcP QWHVHTwjfhWƥEILTM-AVƺNşDŨ
ĘŦƘÒWĤIRTITM-ƿ±Ƹ¼Vƹű8HVƘÒËBLP
KRVWĊ¥8ǐ!TƵ÷ƿ±Ƹ¼8ÿǔNKƘŽR&PWǀŽ
ĽƌGäŕķƶVèêĈƃē8ƇKƸ¼ÕĔ#ILKķƶþČwjf
hǝķƶþČƹűǞWç%LK¤Ê8KR³Ĥ&-ķƶþČwjf
hNƃēEKþQV¶żǝƸ¼ÕǞFçÖ&PKARĩā%LKĬŶQ
WAVĵƢRƘÒ°įNŧŦREK 
 ƿ±Ƹ¼NƜįÄƌT£ǓIŗą"HREKR8ǢNVƘŽ8°
"KAR¯ĮK~NŧWƜįîƪc|mYƫVPskǁƿ±KWHV
Ű§ƿ±QKýƤƿ±ēNķƶþČwjfhHFHFŵŕàţGƿ
±Ƹ¼VÿǔNÃ"8!ÜÈTSAV8ýPWBKNŧWƿ±Ƹ¼
VưƮ8ũýEKŻƁļQKŻƁļVþŘ8HMPWşČ%LKƿ±ǎ
Ó8W¡JşDKHVHT¡JVĨŔķƶþČwjfhVçúÈ
8ÿǔNKÄƌĈW½°8ƊILKNŧWSVPskǁISVP
skǁ>àţEKNŅêEKPskǁƈĝƕ±QKPskǁƈĝƍ
ķƶþČwjfh>ÿǔN8!FV&Ơì%LPATM-ÜÈTS
AV8ýPWBKALBQVƜįQW8Ĕ#-ǢŒVLPsk
ǁƈĝƕ±8ǈ&PW©P JTT ƈĝƕ±[2]NŠP-&&Ɯįîƪc|
mYƫVŰ§ƿ±RŻƁļ8ǈ&PWÁǎ%L-ũÉƿ±RHAIşČ&-
ŻƁļNŠPJÇc|mYƫQţTMP-HVƺV8ķƶþČ
wjfhVçúÈ8ƺNşDƘÒËBLPKRƊILKPs
kǁƿ±FŻƁļFÇƜįîƪc|mYƫ8HMPƔ&!ţTMPK-E
ALNĵƢEKARWǐ&
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 HAQĬŶQWBFƞźĽQƿ±Ƹ¼Nĺ&HVƀİR&PĄIL
-ôŦƸ¼8î&P Average Distance Map; ADM ƜįŇ[3]NƻŠķƶþ
ČwjfhSVHTÿǔNÃ"KVNƛíEKAVƹűQķƶþČ
wjfhƃē8ǈMKƸ¼ÕVĨŔNĵƢEKľ8ŻƁļGƈĝƕ±NàĦ
&TIÉĸVƜįNƕARQ§8Ĕ#-ǢNVƘŽVLķƶþČ
wjfhNç%GK-KƘÒRTMPKNĤI8EKħĂ8
VƜįVƀİNFR8ķƶþČwjfhçĈVƺNşDƘÒ8NPƊ
íNƕRª8ÄƌQL;ċVƿ±8î&PHVķƶþČwjfhV
çƌNƙųFKĢŇNĜĳEK 
 
6.2 ĢŇ 
6.2.1 Average Area Buried Upon Folding; AABUF ƜįŇ 
 ķƶþČwjfhNŌEKčŇW ADM ƜįŇ8ǊM-FVQWT!o
V}zgQ|Z8ǌ&PØņ&P&BĿÚVø×ØņƖǓų8Ú2-Ɯį
FçÖEKMH Zehfus Iǆť[4]& Peter E. Wright IG Geoffrey R. Moore
IMyoglobin[5]G Im7[6]VķƶþČwjfhNÉêEK-E8Š-AVč
ŇN AABUF ƜįŇRÎ=AVƜįŇWÇĿÚŲ8¸JýPIL-ø×Øņ
ƖǓųNċV window size Qøŏ¼&ǉ V AABUF  NēMP-
ǗÙNoV}zgQ|Z²ĩ8ǂƘTĀ¸NĐƾR&PŌEKčŇQ
KĬŶQW ADM ƜįŇÉĸ9 ĿÚƷƂ&P AABUF  ǉ ǝ120Ǟ
QM-ÜÈ8ýƤǗÙNķƶþČwjfhR&Pƙ¢ER&-B-
ķƶþČwjfh¬ƾVø× AABUF  N ADM ƜįŇ8"K 8ũýE
KFVR&PÂJĎM- 
 
6.2.2 Ű§ƿ±Vęê 
 ħñŇNŠ-ŻƁļƜįmf[}_ǝPhylogenetic Analysis with 
Maximum Likelihood; PAML[7]Ǟ8ËBLKbohSTP codeml NŠPŰ
§ƿ±VęêNƕM-ęêV-EŠċ&-VW·ŶRÉDĢŇ8HJÁǎ&
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-ũÉƿ±RClustal Omega[8]8HKũÉƿ±VrzepzPxR|u|h
ƀİY8rzepzPxR|u|hƀİIƳǍƀÈŇNŠŃE-ŻƁ
ļQKcodeml QWHLIĉÛRPskǁƈĝƕ±ǝJTT ƈĝƕ±[2]Nµ
ŠǞNŠPŻƁļVÇ°óŒ8"KǝŰ§ǞPskǁƿ±GşD-P
skǁƈĝNñúRª8ŃEKAVƜįQĄIL-ũÉƿ±VŰRTKPs
kǁƿ±WľǕVôŦƿ±Ƹ¼Nƕ-E8ŠIL- 
 
6.2.3 ôŦƿ±Ƹ¼ 
 PAML[7]8ËBLKbohSTP evolver NŠP·ǕQŃE-Ű§ƿ±
NƸ¼%G-¨¹RTKĉÛKWmxu}c8WŰ§ƿ±RŻƁļV@
ŻƁļV©ıǅGPskǁƈĝƕ±KĄILKũÉƿ±VĞWŻƁ
ļVıVĞ8Ź&!ï¨%LKàţVĞWŰ§ƿ±IVıǅ8ŁEK
TŻƁļ8WŰ§ƿ±ęêĥ8ĄIL-FVV8é©°óŻƁļTS
ƍIŠċ&-FVNŠKARFQ KAV-Eé©8°óŻƁļVı
VĞGıǅNƧğEKARQŗêVø×ƿ±~ƏúNēNċĞVƿ±NŠ
ċEKARÄƌQK 
 Ƹ¼8ǌ&ëǌ8SVHTàţNï¨EK8NPWĞNŠ-Ņ
êœ%LKAVĞVÿǔNÂJǋ!-Eƣƕŀ8ţTK^}iNŠ
P 1000 afhVũÉƿ±NŠċ&ĞçĈNQ KǊJĖǋ&- 
 
6.2.4 îƪc|mYƫRHVũÉƿ± 
 Ɯįîƪc|mYƫW·Ŷ8PķƶþČwjfhVçüú8ƺƥ
EIL- Ferredoxin-like fold 8òEKǣNVc|mYƫNŠKũÉƿ±V
Áǎ8PWnfh&-ƿ±VLĵž8Š-Pskǁƿ±>Vîćƾ
ĵžƿ±ǅVǦ¸8ō-TÜÈýƤƿ±NĴ¾&-Ɯįîƪƿ±W
·ŶRÉĸ8ƿ±ǅ 100 ĿÚĪōQK-EADM ƜįŇ8PWĊêXf
hWoƭǏ8 10Å NŠPK 
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6.3 ƀİ 
6.3.1 BLAST ĵž8HJÁǎ&-ũÉƿ± 
 BLAST ĵ ž [9] 8 H J Á ǎ % L - ũ É ƿ ± V Ğ W Muscle-type 
acylphosphatase 2; mtAcP[10]  Procarboxypeptidase A2; ADA2h[11] 
Ribosomal protein S6; S6[12, 13]HY U1A spliceosomal protein; U1A[14]Q
HLIL 204, 152, 826, 273 QJB-HVø×ƿ±~ƏúW 49.0(14.9), 
50.6(14.4), 36.3(11.6), 53.1(14.8)QM-Ēû¬WĹŎ¡öQK 
 
6.3.2 ADM ƜįŇR AABUF ƜįŇVƻŠƀİVŁƲ 
 Ô 6.1 8Áǎ&-ƿ±8îEK ADM Ɯįƀİ[3]R AABUF Ɯįƀİ[4]Nů
EAVÔ8HKRǡNVƜįŇIWũÉƿ±ǇQǘVķƶþČwjf
hNůETSǒ÷8H!-ƀİĄIL-ADM ƜįŇQWķƶþČwj
fhRHVǗÙVÝšHJĤūQJB-ǧīŷ£ķƶþČHJǂ
ƘR%LK ADA2h 8NPWHV¤ÊNĕP-AV-EĬŶQWăĮƵ
J ADM ƜįŇNŠKAR8&- 
 
6.3.3 Ű§ƿ± 
 ĄIL-Ű§ƿ±NƖ 6.1 8ůEø×ƿ±~ƏúW ADA2h, S6, U1A, 
mtAcP QHLIL 64.19%, 42.26%, 84.37%, 60.2%QM- 
 
Ɩ 6.1 şČ%L-Ű§ƿ±  
ADA2h 
	
		
	 


	 
	
	 
	
	  
S6 
	 
	 						 	 	
		


	 
 
U1A 	 
				 
		

	 	
		 	 
	 			 	 	 
MtAcP 	
	 				

	 
	
		 		
	 	  
 
 
 
 97 
 
Ô 6.1 ķƶþČwjfhŌƀİVŁƲǝADM R AABUF RVǇQǞ  
ƿ±PxR|u|hƀİ8î&PŌ%L-ķƶþČwjfhNHVüúǝŐƑ
@SÉ~c|mYƫVV\|mYhǗÙ8Ł?Ǜ NůEǞRRF8ŪƑ
&-ƆƱHYĻƱWHLILƿ±HYĿÚŢÆNů&PJB-ƿ±Px
R|u|hƀİV8WÇ]RhķƶþČwjfh8ËBLP-¸ÈNƖE
ADMǝKW AABUFǞn`hZxtNěPKÇc|mYƫ8Põč
£8W ADM 8HKƜįƀİNÅč£8W AABUF 8HKƜįƀİNů&- 
 
6.3.4 ôƸ¼ƿ± 
 Ű§ƿ±RŻƁļPskǁƈĝƕ±NFR8ôŦ8Ƹ¼%G-ƿ±Nş
ČQ KķƶþČwjfhçĈVĨŔVĵƢTIY8çĈVü%8ÿ
ǔNKƘÒ°įV-EôƸ¼ƿ±8NPWľVƗĞƵJNŠċ&- 
(1) ĬĮVŻƁļR JTT ƈĝƕ±NŠ-FV 
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(2) ƈĝW©PŹŮśǝx|dtǞR&ĬĮVŻƁļVCNŠ-FV 
(3) ôVŻƁļR JTT ƈĝƕ±NŠ-FV 
ǝıǅNàTIĸTƿ±~ƏúVôƸ¼ƿ±NŠċǞ 
(4) ƈĝW©PŹŮśǝx|dtǞR&ôVŻƁļVCNŠ-FV 
ǝŲVƿ±~ƏúNēNôƸ¼ƿ±NŠċǞ 
 (1)ÀY(2)WäŕVũÉƿ±RŁƲEK-E8Š-ƀİWHLILÔ
6.2(a-b)8ůEƵJQK 
 
 
Ô 6.2 ôƸ¼ƿ±V ADM n`hZxtǝäŕVŻƁļǞ  
(a) JTT Pskǁƈĝƕ±8Ú2PàţNï¨&-ÜÈ (b) ŹŮśQSVPsk
ǁ>VàţFƬAKÜÈëƅWôŦ8àţNï¨&-ƿ±IőƑVǓW
BLAST ĵž8HJÁǎ&-ƿ±Iź¯&- ADM n`hZxtNůE 
 
 99 
 Ô6.28"Këƅ8ňŧEKRx|dt8ƈĝ&-ÜÈQK(b)8Ł?
JTT ƈĝƕ±8ăMPƈĝNï¨&-(a)VĢőƑVǓQě®&-ĬĮVũ
Éƿ±ǝBLAST ĵžQÁǎǞRH!-ƀİNů&PKARŮƥQ K 
 ~ĢQÔ 6.3(a-b)8ůEVW(3)ÀY(4)8NPVƀİQKƑVƺW
ø×ƿ±~ƏúVƺNů&PJALIFGWJ JTT ƈĝƕ±8ăMPà
ţNï¨&-ÜÈVĢx|dt8àţ%G-ÜÈHJFHJÔ 6.1 8ůEë
ǌVũÉƿ±8ǘ&-ƀİNů&P- 
 
 
Ô 6.3 ôƸ¼ƿ±V ADM n`hZxtǝôVŻƁļ©ıǅƧğǞ  
(a) JTT ƈĝƕ±8Ú2!àţï¨ (b) ŹŮśǝx|dtǞVÜÈëƅWôƸ
¼ƿ±őƑVǓWÁǎ&-ƿ±Iź¯&- ADM n`hZxtNůETë
ƅWŠ-ŻƁļV©ǅ8ǈEKmxu}cǝşČ%LKƿ±afhVƿ±~Əú
8ÿǔEKǞ8HMPƑ°"N&PJADA2h 8Pƿ±~Əú 10%, 15%, 
20%, 25%, 30%, 35%KW 40%8TKŻƁļ©ǅ8ÇƑN¸JýP- 
 100 
6.3.5 ƿ±~ƏúRķƶþČwjfh~ƏúRVǈ 
 (3)HY(4)VƀİNŠPKø×ƿ±~ƏúNēNƿ±afhVø×ķ
ƶþČwjfh~ƏúNƞź&HLNp{fh&-FVNÔ 6.4 8ůEëƯ
KWŒƅWHLIL JTT ƈĝƕ±8Ú2PKWx|dt8ƈĝN
LPƸ¼%G-ƿ±afhQJUx}l}WĹŎƦöVǣVǅ%8ũ
ýEKJTT ƈĝƕ±8Ú2-ÜÈQKëƅWTKƿ±~Əú8
PFx|dt8ƈĝ%G-ÜÈQKŭƅHJFǛ ADM ~ƏúNů&
HJķƶþČwjfhNçEK¤Ê8M- 
 ĬƀİWŰ§ƿ±áVŻƁļG©ıǅTSVĭNĚ-QVƜįQ
K-ES6 RHVVc|mYƫQƥEIL-ķƶþČwjfhçúÈV
ƺWÇVŰ§ƿ±řƍ8ēNĈƫVC8ƬÒ&PKRƊILK 
 
Ô 6.4 Pskǁƿ±~ƏúR ADM ~ƏúVǈ  
ƆƱW ADM ~ƏúVø× ĻƱWƿ±~ƏúVø× NƖ&Ux}l}WŖ
£-JĹŎƦöVǣ8ũýëƅW JTTŭƅWŹŮśQVàţï¨8HK 
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6.4 Ɗí 
6.4.1 ũÉƿ±ǇVķƶþČwjfhNç%GPKƘÒW 
 ôƸ¼%G-ƿ±Vƿ±~ƏúNäŕVƿ±~Əú8MGKK"QW
ķƶþČwjfhVçĈW­Ŝ%LTM-ALWÔ 6.2(a-b)8HMPŮ
ƥ¯ĮK&&TIEQ8ƀİ8PƝÀ&-H8JTT ƈĝƕ±
NŠ-ÜÈWé©8x|dt8àţN¨L-ÜÈ8Ł?ķƶþČwjfh
8ù°ÿǔNTþQƈĝNƕARQ - 
 JTT ƈĝƕ±ķƶþČwjfhNçEK¤Ê8KRVWJTT ƈ
ĝƕ± Swiss-prot[15]HJÁǎ&-ëǌVũÉƿ±8Ú2PČ%L-ƈ
ĝƕ±QKARNǄCL;ŝƜ¯ĮKHVHTũÉƿ±Wģ8ķƶŦG
ĽƌŦKWķƶþČV¶ż8HKƍŕŊńN"-ĂVƿ±QJ
ģ8Ƽ´%LPKăMPé©8x|dt8ƈĝ%G-ÜÈ8Ł?P JTT
ƈĝƕ±WķƶþČwjfh>VÿǔðTVKRƊILK 
 QWëǌ8 JTT ƈĝƕ±SVHTàţQL;ƠìEK¤Ê8JB
-SVHTàţNƽ"K¤Ê8KV`\Pƕ±VB-Wǡǟ
Nď ¯&Ô 6.5(a-b)8ů&- 
 
 
Ô 6.5 JTT vgz8"KPskǁƈĝV`\Pƕ±  
(a)ǡǟ(b)ǡǟĻƱWúĞǝ`\PǞQK 
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 AL8HL;ŤłĈĿÚÉßQVƈĝK"QT!ƚłĈĿÚÉßQVƈ
ĝFƠì%LK¤Ê8KHQM-&&TIŤłĈĿÚRƚłĈĿ
ÚVǇVƈĝWƚłĈĿÚ His G Tyr TSƒǙŞ8ǘEKÚNĨ&P-
ÜÈKWŤłĈĿÚ Ala QKÜÈ8ǊILKHQM-~Ģ
QƠì%LTàţW Phe G Trp TSŤł¤ÊVüĿÚRĶĈĿÚRVǇ
VƈĝKW Gly R£ǃVã ĿÚRVǇVƈĝTSQM-AVƀ
İWķƶþČ8PǂƘRTKǝH&PĬƨĠ8Pŗ8ňŧ&PKǞ
hydrophobic collapse TSVũŠNÞEHTàţƽ"ILK? Q
KARNƊL;ǖýTƀİQK&&TIJTT ƈĝƕ±QWHV
HTŨĘŦTàţK"QT!ƚłĈĿÚIŤłĈĿÚ>VàţTSFƽ
"K¤Ê8M- 
6.4.2 ķƶþČwjfhVçüúVƺW8ƬÒEK 
 Ô 6.2(a)8"KëƅǝäŕVŻƁļNŠ-ôƸ¼ƿ±ǞRÔ 6.3(a)8
"KǜƑVëƅǝôVŻƁļNŠ-ø×ƿ±~ƏúHH 40%VôƸ¼
ƿ±ǞêĈŦ8W@AŹ&þŘRCTGKARIŻƁļVƺWķƶ
þČwjfhVçüú8WÿǔNTKÔ 6.3 WPskǁƈĝ
ƕ±K"QT!ŻƁļFÉ~VFVNŠPKN īŷR C īŷ£8ç
%L-ªƵVķƶþČwjfhNēEK[}`ǝÔ 6.3(a)-(ii)S6ǞRHTI
T[} ǝ`É(iv)mtAcP TSǞäŕVũÉƿ±RÉĸ8şDPJƄƝ8
PƝÀ&-ƘÒVLķƶþČwjfhVçüú8ƺNşDVWPskǁ
ƿ±VŗąHVFVQKAR-çüúVƺV«R&PW
; S6 ƿ±~Əú 30%űú8ƎKBQ 75%VķƶþČwjfh~Ə
úNů&-V8î&PVƿ±QWHABQVàţ8îEKüƋĈNů&
PTARĔ#ILKǝÔ 6.4ǞTAL8ǈƷ&PS6 QWǑƓNÂJ
ǋ-ÜÈ8FķƶþČƕKRƐÍŋëǚŦTÛÌ[16]FçÖEK 
 AVàţ8îEKķƶþČwjfhVƋĈVƺWHVc|mYƫĐ
ĽƌŦĀ¸HV~ŷNĐMPKÄƌĈKS6 Wyqb}tVķČc
|mYƫQJHVåŉWyqb}tVĽƌQK mRNA Ic|mYƫ>
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VƉơĽƌÐå>ƇKARĊ%LKăMPÄƌTǊJ S6 VķƶþČW
ČºE? QJALķƶþČwjfhVàţ8îEKǛƋĈ>ƇM
PKVKRƊILKǝÉD!ķƶþČǂƘTĀ¸NĐRCILK
ADA2h V C īŷ£VķƶþČwjfhFàţ8îEKƋĈNů&P-Ǟ~
ĢQVc|mYƫW S6 @SVǂƘĈNēMPKM"QWT!AVƺ
ķƶþČwjfhçüúVƺNşOKVKRƊILK 
 
6.4.3 JTT ƈĝƕ±VķƶþČwjfh>VÿǔVBRE 
 ·ŶQVŬŴIķƶþČwjfhç%LK¤Ê8KÜÈ8W75%
VķƶþČwjfh~ƏúNůE¤Ê8KARů%L-[1]AV-E
ĬŶQF 75%~ƏúNç%L-ķƶþČwjfhNēNÜÈVÚŎR&Pė
Š&ýƤķƶþČwjfh~Əú8"Kƿ±~ƏúNŃEKARQàţ8
îEKƋĈNƛí&-HVƀİNƖ 6.2 8ůEAVƖ8HL;àţ JTT
ƈĝƕ±8ăÜÈW 60%űúVƿ±~ƏúăMTÜÈW 70%űúVƿ
±~ƏúL;ǘVķƶþČwjfhNƃēEKRƊILK 
 
Ɩ 6.2 ø× ADM ~Əú 75%Nƃē%G-ÜÈVƿ±~ƏúVǊ   
 ADA2h S6 U1A mtAcP 
x|dt 65.7% 51.8% 73.9% 71.2% 
JTT 8Ú2! 46.3% 27.2% 62.2% 59.1% 
 
 àţV¨LĢN JTT ƈĝƕ±8ăMG-ÜÈǘVķƶþČwjfhNē
NÜÈVø×ƿ±~ƏúW ADA2h, S6, U1A, mtAcP QHLIL 46.3%, 27.2%, 
62.2%, 59.1%QM-~Ģ BLAST ĵž8HJÁǎ&-ëǌVũÉƿ±Vø
×ƿ±~ƏúW64.19%, 42.26%, 84.37%, 60.2%QJ§VôŦTũÉƿ
±8PǘVķƶþČwjfhNēNǌHJǛƿ±~ƏúNƘŃEKc
|mYƫ@SëǌV BLAST ĵž8HJÁǎ&-ũÉƿ±FǛƿ±~ƏúN
ēN¤Ê8KHQM-VƊíIķƶþČwjfhNç%G
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KœVƸ¼ÕKW¶żWGWJçÖ&B-ķƶþČwjfhVàţ8î
EKƋĈWýƤc|mYƫVĽƌŦǂƘĈTS8ü!ÿǔN"KÄƌĈ
KARů%L- 
 
6.4.4 ċVƿ±VķƶþČwjfhVçüúNŌEK8W 
 ĬŶQWŰ§ƿ±NĄ-ĂHVƿ±NƸ¼%GH&PĄ-ôVũÉ
ƿ±R BLAST ĵž8HJÁǎ&-äŕVũÉƿ±VǇQŲVƜįƀİNŁ
Ʋ&-&&TIKƿ±VķƶþČwjfhVçüúNƙųFJ-
K"QL;Ű§ƿ±VMJ8HVƿ±ƍN¨¹R&PKARQ
ŌEKAR¯ĮKB-ŻƁļ8HKÿǔã !TARÔ 6.3 HY
Ô 6.4 Iů%L-VQäŕVũÉƿ±NÁǎ&HVQŻƁļNČEKĆ
ƘFTôVŻƁļNŠċ&JTT ƈĝƕ±8HKàţï¨KWx|
dtàţVï¨8HJ¨¹ƿ±NƸ¼%GHVũÉƿ±NKARQ¨¹ƿ
±VķƶþČwjfhçüúNÔ 6.4 VHTÔIƙųFKAR¯ĮK
RƊILK 
 
6.5 ƀƨ 
 ĬŶQWķƶþČwjfh>ÿǔNKÒæ8NPƩƨ&-ħ²8ƴ
?-H8ķƶþČwjfh>ÿǔNKÒæWƜįÄƌT£ǓQ°"
KRǢNçÖEKǠNEWPskǁƈĝƕ±ǡNEWŰ§KW¨¹ƿ
±ǢNEWŻƁļQKŻƁļWÑĄ-ƀİNǄCK8ķƶþČwj
fh>KÿǔW%@Sã FVQWTM-~ĢQƈĝƕ±RŰ§
ƿ±VƺWķƶþČwjfhVçú>ÿǔN-JTT VHTäŕV
ũÉƿ±NFR8ŃEIL-ƈĝƕ±NŠ-ÜÈ8WķƶþČwjfhN
ç%GKƸ¼ÕVHT»İNHVƈĝƕ±EQ8ËOQK-Eķƶ
þČwjfh>VÿǔðTx|dt8àţ%G-ÜÈRVÿǔVöWÔ
6.4 GƖ 6.2 8ůEƵJQKB-ĶEPǂƘTĀ¸Nİ-Ec|mYƫQ
L;àţ8îEKǛƋĈNůE¤Ê8KARFůÏ%L- 
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 &&TIĬƀİW Ferredoxin-like fold ¬VĲſCQVCĵƢ%L-F
VQJHVVc|mYƫ8NPFÉĸVƀİĄILKSWB
KĤQKĂWƜįîƪNđ¦&NNġ-8Ɵƞ&-c|mYƫVķ
ƶþČwjfhçüúęêTSFƕKH8&P -RƊPK 
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ſǭŽ ǣǆ¬ŪÇċCųĀŚ-Ť+?XzcPư-ƠĴ 
 
7.1 Ɗơ 
 ²Ž5(-Űź(.
Çĺƿ,ò?XzcPư,%'
ǆ¬Č×=
ą=@?ĺƿĀĐ±_Z]-ǂ,Ö&@ @-XzcPư-gJ{w\
FzQľĺ~-řć,%'Ɛì!|ƕ,ǪǧǤ~-ǆ¬|ƓûCų
XzcPư.
Ǡ-ĺƿCų)<Ů=@'>[1]
ǆ¬Č×,Ö&
ƠĴ(.-<+Ç|ĺƿC)?ŪÇǆ¬-§ƾǅ«,Ŋũ'ƠĴ?
ØÆÜ[2]
²Ž5(-Űź9-ŋ@CņD"Ā)+$'! 
 )A
3αĺƿCĘ%EwhnzƈÆXzcPưǥGAǦ) 4β+αĺƿCĘ
% IgG ƈÆXzcPưǥGBǦ)
¦Ť+?ĺƿC)?,9ǍB= 98%
-ǆ¬|ƓûCųXzcPưóŨ,ƤƢ@![3]ǥÑ 7.1 ¼ŘǦ@=
.Ť+?ĺƿC)?,9ǍB= 56 łÖ 1 łÖ-ǂĘ!+!8
*
-<+gJ{w\FzQľĺ¢'?-Cǆ¬Č×-6=Ī=,
?).ÝÚǕ[4]+B#
gJ{w\FzQľĺ-ƠĴ,'

Ç|-ĺƿC)?ǩǆ¬-ǒ.-§ƾǛCĚ?-÷àĒŃ(?+=/

Ť+?ĺƿC)?ǩǆ¬,í'.-õŤ,Ŋũ?-.ÆŞŨ+ŋ@(
?
ÎƠĴíƭ,?XzcPư.-õŤ¡ 1 łÖ-6(?Ą
$'
=@ @-gJ{w\FzQľĺ-ǂCŐơ½?-.
ÐǕč@
Average Distance Map ƠĴŉ(9ǂƪ8=@+$! 
 -ƃ,í'ĲŰź(.
BLAST ĸƄ[5]:åċƠĴ+*-ĄĳÔ-bG
KGzgJm[FPVŨĒŉ,µ
ĲŽ(Ħ!,î¥?ñđŨǆ¬ ÈƠ
Ĵ
+=0,łÖǌùÓƴǔƉƢ,Ö&!ƠĴŉ[6, 7]C¯Š?),<>

ĭƆŨ+Þŗĺƿ*-<,'Ňè@?-
-Ƈ6-ƠĪCƧ6
! 
 
7.2 ħŉ 
7.2.1 ƠĴíƭXzcPư,%' 
 ÎƠĴ,Š!-.d]ƘŎEwhnzƈÆ^oGzǥGA; PDBID: 2FS1Ǧ
 110 
?.xzSŝƗ- IgGƈÆ^oGzǥGB; PDBID: 1PGAǦ)Ç]ly
U{Cųó-XzcPư(
²Ƒ. PDBID: 2LHCǥGA98-1Ǧ?.
PDBID: 2LHGǥGA98-2Ǧ)'
ăƑ. PDBID: 2LHDǥGB98-1Ǧ?.
PDBID: 2LHEǥGB98-2Ǧ)'-ĺƿ Protein Data Bank; PDB[8]1Ŧ
ǉ@'?@=ó-XzcPư-EnaǇǆ¬. 2FS1 ½0 1PGA -
EnaǇǆ¬,šĳ'>
Nouǆ¬)+$'?5!GA98-1)GB98-1
-ǆ¬~-ǂ. 45łÖũ-6(>
GA98-2) GB98-2-ǆ¬~-ǂ.
20 łÖũ-6(?@ @-ĺƿ)EnaǇǆ¬,%'-Č×CÑ 7.1
,ƣ+ĲŽ(.ƠĴíƭ(?Å-XzcPưC- PDBID 5!.
GA?. GA98-1+*-ĺƿ-řć,Ö&ŢŶ(ƚƣ? 
 
 
Ñ 7.1 NouXzcPư-ĺƿ)ǆ¬  
(a)GA98-1, (b)GA98-2, (c)GB98-1, (d)GB98-2ĺƿ,?ƱƖǅ+=0,ǆ¬
,? a (ų@!Ɓđ.jvZPV,!>
ǗƖǅ+=0, b (ų@
!Ɓđ.V]uz^,!?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7.2.2 ñđŨ+ǆ¬ È-Ʀ,%' 
 ¤ƙŰź,' 60%-ǆ¬|ƓûCųóǆ¬,í' F ƠĴCƙ

-gJ{w\FzQľĺ-řć=Ť+?ĺƿ1Ĕ>!!7»ÏCƐì!
[6]ÿƨŰź(ą=@!ƈĵ=.
F ƠĴ,?f{PƎƹ-ǆ¬
 GA -ǆ¬,ǣǠċCų'!)-ǆ¬. GA -ĺƿC)>
GB
-ǆ¬,ǣǠċCų'!)-ǆ¬. GB -ĺƿC)? È,?
)!ĲŰź(.-¤ƙŰź(-ƈĵ,Ö&
@-ĺƿ1)
Ĕ>!!7C®ĥ?!8-ęļ)'ǥñđŨǦǆ¬ ÈCèƏ! 
 ²Ǜ(ơ½!<,
GA98-1, GB98-1, GA98-2, GB98-2 -ǆ¬.6+

GA ?. GB -ǆ¬,šĳ?!)/łÖţÄ 2-8, 10 -łÖ. GB (
? 1PGA -ǆ¬-9-(>
|ħ( 9, 11-14 . GA (? 2FS1 ,šĳ
'?-<,
*-ǞÕ, GA ?. GB šĳ-ǆ¬åÒ'?
-ÂƝ¸?)CũŨ,
ÅSG],%'-SG] GA ,šĳ'
@/ 1 )
GB ,šĳ'@/-1 )VRE
¦SG]-VRE
ç!=
@=C h=3.5 -MHVǍġ,<?L{`wùœ¸Cƙ$! 
 
7.2.3 Gō p\wTnrx{Ttz,%' 
 Gōp\w).¦'-ŪŠ.Þŗĺƿ,',ĢÆŨ,Þŗĺƿ-
æè¸,ë?)ƫ-9)
ÞŗĺƿCĭæè,?óŨ+Ū
ŠǥGō l[zTqwǦCÀ>¥@!p\w(?[9, 10]- Gō l[zTq
w.//XzcPưgJ{w\FzQ-ĆƝŨŚďCƢƂľ~(©Ŝ?
!8,Š=@'![11-14]Gō l[zTqw(.
Þŗĺƿ,'Ū
Š'?łÖí,í'-6ý´Ǜ=@?ĲƬģ(.XzcPư-
ĺƿp\w,Ǩ%-łÖCǨ%- Cα»ã(ƹ? Cαe{Wp\w1 Gō l
[zTqwCǃŠ
Tnrx{TtzCƙ$!l[zTqw-Ʃƅ.
-ƾ>(?[15]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E !,!! = !!(!! − !!!)!!"#$%&+ !!! − cos !! − !!! + !!! −!"#3 !! − !!!!"!!"#$%
+ !!" 5 !!"!!!" !" − !!" ∙ 6 !!"!!!" !"!"!" !!+ 4!!" !"!!"!" !!!!!!!!!!!!!!!!!!!!!(1) 
 
 !"(! !,!! .?ĺƿ!Ę%I`wO{C
- 0 .Þŗĺƿ
CĎË?ÃƸſ|Ǜǥ,Ǎ?Ǧ<0ſǛǥ,Ǎ?Ǧ.ƈÆƟ
)ǙƟC©Ŝ?Ǜ(
ſǛ,.ǙƟǨǩǧû),I`wO{Ĺï
CĘ%)·ĵ9É5@'?!!, !!!, !!!,.@ @ 20, 1, 0.5 C¥
!ÃƸſ}Ǜ.ǆ¬~ǔ@!ÞŗŚď(ŪŠ'?łÖǌ,¢l[
zTqw(>
ſÍǛ.ÞŗŚď(ŪŠ'+łÖǌ,¢Ĥ´Ǜ
(?+!!".łÖţÄ i, j ǌ-Żǌ~ƴǔ(
!!".»ãǌRzXP]ǥǈ»
ãǌƴǔ 4Å (?»ãíǦ-ġ(?!!".łÖţÄ i, j -ǊħÈ-Ūí
ǆƎ,Ǎ?l[zTqw(
ŀü(èƏ@? 
 
(	 !,! −	 !,!! )! − !	 ! ]/!	 ! , if 	 !,!! − !	 <	 !,! <	 !,!! − !	  
B!,! 	 !,! =                                                          
   0,  otherwise                                    (2) 
                      Θ!,! = arccos! !!∙!!!! !!                                    (3) 
 
 (ǊħÈCųÆĐkP]w!!.!! = !!,!!! + !!,!!!(èƏ@
!!,!!!.
i-1 łÖũ= i łÖũ5(-ƴǔkP]w(?łÖ i, j ,%'-Ǌħ
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ÈkP]w+ƟÞŗĺƿ-@,ƹ@/üǩ. 1 ,ƹCƺ
ǎ
(?!! = 0.6!CƳ?) 0 Cƺ-!8
ǊħÈÞŗ-@)Ý
ø,Ť+?ØÆ
ÿƨłÖǌ-ý´Ǜ.Ʀ@
ƈĵ)'!!".ǘÞŗĻ
-ŪŠCŏðŖǢ+ĺƿŻǌ-ĚƄC±ŏ?Ă³Cĵ!'? 
 ~l[zTqwCŠ'o]ylvVpz[LwyTnrx{Ttz,<
?ĺƿĀĐǁŸ-ĆƝŨŚďCSzivzQ!-ǒ-ŵúÚġ)'

Þŗĺƿ,?¦RzXP]ġ-#Tnrx{Ttz(ą=@!ĺƿ,
'ĀĐ@'?ÿƨRzXP]-³ÆCų Q CŠ! 
 
7.2.4 ŪÇXzcPư-¿Ǔ 
 ÅƠĴíƭXzcPư-ŪÇǆ¬C BLAST ĸƄ[5],<>¿Ǔ!¿Ǔí
ƭ\{Xk{V,. Protein Data Bank[8]CƤè
5!¿Ǔ-ǒ-ǎ)
' e-value 0.01 CƤè! 
 
7.3 ƈĵ 
7.3.1 BLAST ĸƄ,<?ŪÇǆ¬-¿Ǔ,%' 
 GAǥ2FS1Ǧ,ŪÇ+ǆ¬-¿ǓCƧ6!)A
ç¦|Ɠ?.ŪÇǅ
-ů$!ǥ28 łÖİő-Ǧǆ¬Cǐ)
11 ǆ¬ŪÇ+ǆ¬)'¿Ǔ
@!ÇĻ, GBǥ1PGAǦ-ŪÇǆ¬C¿Ǔ!)A
42 ǆ¬¿Ǔ@
!GA -ŪÇǆ¬-# 7 ǆ¬. 3αĺƿǥGA98-1, GA98-2 CÉ7ǦC)$
'!
ł>- 4 %. GB - 4β+αĺƿǥGB98-1, GB98-2 CÉ7ǦC)$'
!|ħ GB ,%'. 34 ǆ¬ 4β+αĺƿǥGB98-1, GB98-2 CÉ7ǦC
)$'!
4 ǆ¬ 3αĺƿǥGA98-1, GA98-2 CÉ7ǦC
ł>- 4 ǆ¬
.5!Ť+?ĺƿC)$'!-ƈĵCƚ 7.1 ,5)8?  
 ~ƈĵ= BLAST ĸƄ,<> GA, GB ,ŪÇ+ǆ¬CĸƄ!)A

@ @ 3α, 4β+αĺƿ,dZ]'!
ĮĎ,ǥe-value 10-6Ǧ9
|ħ-ĺƿ9É5@'5)«$!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ƚ 7.1 BLAST ĸƄƈĵ-5)8  
dZ]ǆ¬-Þŗĺƿ 
PIv{ǆ¬ 
2FS1(3α) 1PGA(4β+α) 
3α 7 4 
4β + α 4 34 
- 0 4 
ÆƢ 11 42 
 
7.3.2 F ƠĴ,<?ĺƿĀĐ,ǈƜ+Ă³Cĵ!ǅ-Ő,%' 
 F ƠĴƈĵCÑ 7.2 ½0Ñ 7.3 ,5)8!Ñ 7.2 . GA98-1, GB98-1 - F
ƠĴƈĵ(>
Ñ 7.3 . GA98-2, GB98-2 - F ƠĴƈĵ(? 
 
Ñ 7.2 GA98-1/GB98-1 -ǱƠĴƈĵ  
ĽƵ.łÖţÄ
ƌƵ. F CƚéƋ<0űƋ.@ @ GA98-1 - F 

GB98-1 - F ,Ūÿ
F ƠĴ,Š!ǆ¬.Ñ-ǅ,ų'?ǆ¬ǅ-
ŭº.ǩǆ¬ǌ-ŪǂƁđCų
Iu{b{.ÅùÓ- 95%¹ǌ,Ūÿ?
f{P-# GA98-1/GB98-1
GA98-1 -6?. GB98-1 -6,ƪ8=@?9
-.@ @Ŗƛǡ
Ƌ?.ŧĕ-łÖţÄ(ų!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Ñ 7.3 GA98-2/GB98-2 -ǱƠĴƈĵ  
ĽƵ.łÖţÄ
ƌƵ. F CƚéƋ<0űƋ.@ @ GA98-2 - F 

GB98-2 - F ,Ūÿ
F ƠĴ,Š!ǆ¬.Ñ-ǅ,ų'?ǆ¬ǅ-
ŭº.ǩǆ¬ǌ-ŪǂƁđCų
Iu{b{.ÅùÓ- 95%¹ǌ,Ūÿ?
f{P-# GA98-1/GB98-1
GA98-1 -6?. GB98-1 -6,ƪ8=@?9
-.@ @Ŗƛǡ
Ƌ?.ŧĕ-łÖţÄ(ų! 
 
Ƒ-ǌ(ǒż$!ǂ.ƪ8=@+$!
GA98-1 (. 7, 17, 21, 23, 33, 
39, 43 łÖũ, F -f{Pƞì@
GB98-1 (. 7, 17, 20, 23, 33, 40, 42
łÖũ,f{Pƞì@!ǥGB98-1 ,%'. 30 łÖũ,9f{PĻ- F
-ǣ5>ƞì@!Ǧ 
 éǒ-żĺƿCƞì?)
GA98-1 ,'. 16-Ala, 20-Leu, 30-Phe, 
33-Ile, 42-Val, 45-Leu Ñ 7.4(a),ų<+ťŅċcZNzQCĀĐ'
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>
@=.6+ F -f{PƎƹ,Ǝ'!He =,<@/
33
<0 45łÖũ.
ăƑ.::Œâ,ǖª'?9--ÊƸ-łÖ)§,ť
ŅRECĀĐ
ĺƿĀĐ~-Ă³CĖ[4]+
ťŅċcZNzQ).Ť
+?ǩ%~-ťŅċłÖǈ»ãǌƴǔ 5Å ¨(,ƹě'?Śď
CĎË'>
GB98-1,'9.:>Ff{Pƹ-16-Ala)30-Phe

20-Leu) 26-Ala<0 34-Ala) 43-TrpťŅċcZNzQCĀĐ'!
ǥÑ 7.4(b)ǦGA98-1, GB98-1@-ØÆ,'9 Ff{P-ƹ(ť
ŅċcZNzQĀĐ@'!
éǒ-ĺƿĀĐ,?łÖ,.@=-
ǌ(¡+ǂƪ8=@!/ GA98-1- 45-LeuťŅċcZNzQ,
ë'?|ħ(
GB98-1- 45-Tyr.*- Ff{PƹłÖ)9RzX
P]CĀĐ'+ 
 
Ñ 7.4 NouXzcPư- F f{PƹťŅċłÖ  
(a) GA98-1, (b) GB98-1, (c) GA98-2, (d) GB98-2FƠĴf{Pƹǥ3łÖǦ
-ťŅċłÖC Ball and stickƚų!ƹ,ÿƨłÖ-łÖţÄ)łÖŹC|
ģäƚƣ(ų'?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GA98-2, GB98-2 ,%'9ÇĻ-ƠĴCƙ$!GA98-2 . 7, 17, 21, 25, 30, 
33, 39, 43 łÖũ,
GB98-2 . 7, 17, 26, 29, 33, 39, 43 łÖũ, F -f{P
CĘ$'!
25 ?. 26 łÖũ-f{P. GA98-1, GB98-1 (.ƪ8
=@+$!f{P(?@=.£Thr ($! 25 łÖũC Ile ,Ǝĝ
!)=ş!f{P)Ɛ=@
Ñ 7.4(c-d)(.@CÉ7 16-Ala, 
20-Leu, 25-Ile, 33-Ile, 42-Val, 45-Tyr -łÖ,<?ťŅċcZNzQǥÑ
7.4(a); GA98-2Ǧ: 16-Ala ) 30-Phe, 20-Ala ) 25-Ile <0 34-Ala ) 43-Trp
,<?ťŅċcZNzQǥÑ 7.4(d); GB98-2ǦŲƪªĳ? 
 5! GA, GB ǌ(34ÇƎ, F -f{PCų'!
~Ñ 7.4
,ų!ǫ%-XzcPưÇÙCńƶ?)
3αĺƿǨ%-Ý+ťŅċc
ZNzQCĀĐ?|ħ(
4β+αĺƿ.ï+ťŅċcZNzQCß-jv
ZPV)ÅŤ+?Øđ(ĀĐ'?+*-ǂƞì@! 
 
7.3.3 ñđŨǆ¬ È,%' 
 Ñ 7.5 ,ų-.ñđŨǆ¬ ÈƠĴ-ƈĵ(?Ł,Ý@/Ý3
*ÿƨǅ. GA ë>-ǆ¬CĘ$'>
5!Ʈ,Ý@/Ý3*ÿ
ƨǅ. GB ë>-ǆ¬CĘ$'?)CĎË?éƋ)ŕƋ.@ @
GA98-1, GB98-1 Cų'>
-Ñ,<@/ 4, 25, 53 łÖũÊƸ GA -
ǆ¬,ƹ
15, 37 łÖũÊƸ GB -ǆ¬,ƹ)? 
 í' 10, 20, 33, 45 łÖũ.@-ǆ¬,9$'+ǞÕ($!
ƔËō),
GA98-1 ) GB98-1
?. GA98-2 ) GB98-2 -ǂ.
$!ǞÕ,åÒ?/ 45 łÖũ,'.
GA98-1 . GA 1

GB98-1 . GB 1ñđŨǆ¬ ÈTg]'?+-ǞÕ. F -
f{P,9+$'!GA98-2, GB98-2 ,%'9ÇĻ-)?-
ǩ%-ǆ¬-õ. 20 łÖũ(?
-õÿƨǞÕ,?ñđŨǆ¬ 
ÈC GA98-2 (. GA 1
GB98-2 (. GB 1Tg]'?20 łÖ
ũ-ƹ(. 17 ?. 25 łÖũ, F f{PåÒ?!8
-āǚ.
ï+)?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Ñ 7.5 ñđŨǆ¬ ÈƠĴƈĵ  
(a) GA98-1/GB98-1 ,%'
(b) GA98-2/GB98-2 ,%'-ñđŨǆ¬ ÈƠĴ
ƈĵƌƵ.ñđŨǆ¬ È
ĽƵ.łÖţÄ
éƋ. GA98-X -
űƋ. GB98-X
-ƈĵCųǥX . 1 5!. 2ǦñđŨǆ¬ ÈŁ?.Ʈ,Ý)ÿƨ
ǅ-ǆ¬. GA(PDBID: 2FS1)5!. GB(PDBID: 1PGA),ƹ)CĎË? 
 
 ~-<+õƪ8=@?ǞÕCǐ/
F f{Pǥ¦',§ƾ'ƪ
8=@?f{P)'. 7, 17, 33, 39, 43 łÖũ+*Ǧ»°)' GA, GB ǌ
(ǂ-ş'?Ɓđǥ20 5!. 45 łÖũǦ
@|ħ1ñđŨǆ
¬ È$'?Ɓđǥ4, 15, 25, 35 łÖũ+*Ǧƹ,Ǝ'!).

řƀ,?)Ɛ=@? 
 5!ñđŨǆ¬ È-Ñ=.
Ǩǧ=ǨǬłÖ),ŁƮ¥@ĬB$
'?)-3
å È,?SG]ǥƩƅ.ŀǛ,ƣƻǦ. F -f{
Pƹ5!.ñđŨǆ¬ È,'ĹÝ5!.ĹïC)?Ɓđ,«ö'
?<($!ǥÑ 7.6; 	. GA -åċSG]
. GB -åċSG]C
ųǦ-Č×.Ħ!,ÇŹ-XzcPưCƤƢ?ǒ,Ă,ż%)Ɛ=@
?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Ñ 7.6 ñđŨǆ¬ È)åċSG]-ńƶ  
GA98-1/GB98-1 -ñđŨǆ¬ ÈƠĴƈĵ,
å È,?SG]CƼƣ!
ĽƵ.łÖţÄ
ƌƵ.ñđŨǆ¬ ÈǥŁ5!.Ʈ,Ý@/ GA ?. GB
-ǆ¬,ƹǦ
	. GA -åċSG]
. GB -åċSG]Cų'? 
 
7.3.4 mwYiwEuGzoz]ƈĵ,%' 
 ÎŠ!ǫXzcPư-ǆ¬CÑ 7.7 ,ųǂ.Ĩ,ƻ2!<, 20, 
25, 45 łÖũ-6,Ǝ'?N ıž<> 19 łÖ
?. C ıž
<> 11 łÖ.¦Çǆ¬(>
ñđŨǆ¬ È,<@/@ @ GA, GB
@-ǆ¬,$'.!9--
@=ĭƆŨ+ÞŗĺƿCôÃ?
ſ|ŇèÏã,+?).+)Ɛ=@? 
 
Ñ 7.7 NouXzcPư-mwYiwEuGzoz]ƈĵ  
GA98-1, GB98-1, GA98-2, GB98-2 ,<?mwYiwEuGzoz]ƈĵŪǂ
ƪ8=@?ǅCŭº(ų!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 BLASTĸƄ,<>¿Ǔ!GA-ŪÇǆ¬-mwYiwEuGzoz]ƈĵ
=.
¦ǆ¬-# 85%~(Ç|-łÖŹCųå@'?)Ɛ=
@?ǅ
12 Ɓđǥ10-Ala, 12-Ala, 16-Ala, 20-Leu, 29-Tyr, 33-Ile, 36-Ala, 
39-Val, 42-Val, 49-IleǦåÒ!Ʃƅ.Ñ 7.8 ,ųƾ>(>
(+.
85%~-|ƓC
*.ç¦|ƓCų'? 
 
 
Ñ 7.8 2FS1 ŪÇǆ¬-mwYiwEuGzoz]ƈĵ  
BLAST ĸƄ,<>¿Ǔ! 2FS1 ŪÇǆ¬-mwYiwEuGzoz]ƈĵç¦
åǥ*Ǧ<0 85%~åǥ+ǦSG]CÑ,ų'? 
 
|ħ(Ñ 7.9 ,ų GB -ŪÇǆ¬,Ǎ?mwYiwEuGzoz](.
ç
¦,å@'!łÖ. 21-Val, 26-Ala, 43-Trp, 45-Tyr, 54-Val -Ǭ%(
$!ƚ 7.2 ,5)8'?<,
85%-åċCų!SG].@,µ
'ǮSG]åÒ! 
 
 
 121 
 
Ñ 7.9 1PGA ŪÇǆ¬-mwYiwEuGzoz]ƈĵ  
BLAST ĸƄ,<>¿Ǔ! 1PGA ŪÇǆ¬-mwYiwEuGzoz]ƈĵç
¦åǥ*Ǧ<0 85%~åǥ+ǦSG]CÑ,ų'?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ƚ 7.2  åċťŅċłÖ)-#żĺƿ(cZNzQ'?łÖ  
“+”. 85%~å'?)CƚłÖţÄ)łÖŹ-|ģäƚƣ(ƣƷ 
3α structure 
åċťŅċłÖ 9-L, 12-A, 16-A, 20-L, 29-Y, 32-L(+), 33-I, 36-A, 
39-V, 42-V, 45-L(+), 49-I 
GA98-1/2LHC ,'cZNzQ 16-A, 20-L, 30-F, 33-I, 42-V, 45-L 
GB98-1/2LHG ,'cZNzQ 16-A, 20-L, 25-I, 33-I, 42-V, 45-L 
 
4β + α structure 
åċťŅċłÖ 5-L(+), 20-A(+), 21-V, 23-A(+), 26-A, 30-F(+), 
34-A(+), 43-W, 45-Y, 52-F(+), 54-V 
GA98-2/2LHD ,'cZNzQ 16-A, 20-L, 26-A, 30-F, 34-A, 43-W  
GB98-2/2LHE ,'cZNzQ 16-A, 20-L, 25-I, 34-A, 43-W 
 
7.3.5 Gō p\wTnrx{Ttzƈĵ,%' 
 Gō p\wTnrx{Ttz,<>ǄŷŚď-EzSzhwǥQ=0.52 ƹǦ
=ƢƂ! GA98-1 -RzXP]ǟû,Ǎ?RzXP]mZiCÑ 7.10(a)
,ų 
 iyZ]-ŔŌŔ3*ÿƨRzXP].<>ǣǟû(ĀĐ@?)
Cų'?Gō p\w-ċư,<>jvZPVĩį,ĀĐ@'5
ŕCǐ/
ńƶŨǣRzXP]ǟû 16-Ala ) 33-Phe, 20-Leu ) 30-Phe, 
33-Ile ) 42-Val, 33-Ile ) 45-Leu -ǌ,ƪ8=@?+*
@5(-ĜŐ,Æ
Ɠ?ƈĵą=@!GB98-1 -ǄŷŚďEzSzhwǥQ=0.62Ǧ-ƈĵ.
Ñ 7.10(b)-ƾ>(?ž,Ǝ?T{]ĩį,ªĳ'5-.
Gō p\w-ċư,<?)A(?
16-Ala ) 30-Phe, 20-Leu ) 26-Ala
ǌ-ťŅċcZNzQĸª@?+*
@5(-ĜŐ,Ŭū+ƈĵ
ą=@!ǥ!"č@! 34-Ala ) 43-Trp ǌ-cZNzQ.
35-Asn )
43-Trp ǌ-cZNzQ,À$'B=@'!Ǧ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Ñ 7.10 Gō p\wTnrx{Ttz-ǄŷŚď,?RzXP]ǟû  
(a) GA98-1, (b) GB98-1, (c) GA98-2, (d) GB98-2ĽƵ½0ƌƵ.łÖţÄ(>

íƟƋň-ķƋ½0ŭº.@ @jvZPV)V]uz^(?ǄŷŚ
ďEzSzhw<>Ƃª!ÅłÖí-RzXP]ǟû,Ö&'Đ!RzX
P]mZiŔŌ.Ŕ3*RzXP]ǟûǣ)CĎË?åċťŅċ
łÖí-RzXP]CÑ,Īƣ! 
 
ÇĻ,
GA98-2-ǄŷŚďEzSzhwǥQ=0.42Ǧ=.Ñ 7.10(c),ųƈ
ĵą=@!RzXP]ǟû-ǣƁđ. 16-Ala) 25-Ile, 20-Leu) 33-Ile, 
33-Ile) 45-Tyr,ƪ8=@
FƠĴƈĵ)żĺƿ,Ö&Ɛì)ÆƓ?
Ñ 7.10(d),ų! GB98-2-ǄŷŚďEzSzhwǥQ=0.64Ǧ=.
16-Ala
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) 30-Phe, 34-Ala ) 43-Trp ǌRzXP]+*ǣǟû,ĀĐ@?9-)
'Çè@!
@=. F ƠĴƈĵ=č@!Ǫ%-RzXP]-
#ǩ%,Ūÿ? 
 
7.4 Ɛì 
 @5(,ą=@!ƈĵC5)8?)ŀ-ƾ>(? 
(1) 3α) 4β+α@-ĺƿ,'9 F f{Pƹ-ťŅċłÖ.ťŅċc
ZNzQ-ĀĐ,ë'>ĺƿŇè,Ưś'?)! 
(2) 5!ñđŨǆ¬ ÈƠĴ= 3α) 4β+αǌ(-ǆ¬~ǂ.
ñđŨǆ¬ 
È 0 ,ƹCĘ%Ɓđ(ş'>
-ǂƈĵ)'ÿƨƁđÊ
Ƹ-ǆ¬C 3α?. 4β+α1Tg]'?)!@,<
>¦Ç|-ǆ¬CĘ%-ǞÕāǚCÁ
ĭƆŨ+ĺƿ-ǂ1)ƍ
?-")Ɛ=@? 
(3) ī,*#=-ĺƿ,'9åċťŅċłÖ. F -f{PƎÊƸ,
«ö'!
Ñ 7.6 ,ų<,-«ö,. 3α) 4β+αǌ(ǂƪ
8=@! 
 åċťŅċłÖ:ǱƠĴƈĵ
Gō p\wTnrx{Ttzƈĵ=.

gJ{w\FzQ­įŃǑ,'. GA, GB ¾ħ§,ÇĻ-ƁđĺƿĀĐ
,ë?9--
ťŅċcZNzQĈŨĂ³Cĵ!ØÆ. GA -ĺƿ
,
|ħjvZPVÊƸ-řè-å@!ťŅċłÖǌRzXP]ǥǆ¬~
ƹƴǔ-9-Ǧ¤,ĀĐ@?ØÆ. GB -ĺƿ,+?-")ĊB@?
-Ɛì.å@!łÖǌRzXP]ǣǟû(ĀĐ@'! GB ,%'
- Gō p\wTnrx{Ttz=9ĠĘ@?GA ,%'.ťŅċcZN
zQ-ǈƜċ He =,<$'9ĠĘ@'>[3]
5! van Gunsteren =,
<$'ßjvZPV-ĩįĀĐ9ęğ@'?[16] 
 ñđŨǆ¬ Èǥ?.åċťŅċłÖ-«öǦ) F f{PƎ-Č
×C9),'
=@!ǆ¬*-<+ĺƿC)?-Cŀ-<,Ĝ
ì')(?/Ñ 7.3,ų!GA98-2)GB98-2,'.
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25 ţũ-łÖ F -f{PCĘ$'>
5!ñđŨǆ¬ È=. GB ë
>-ǆ¬(?)ųÌ@!+B#ÿƨǅÊƸ.ĺƿĀĐ,ë
?
ÖĲŨ,. GB -ĺƿC)? È,?<(?ǥ-ØÆ.(,
ƻ2!<,
20-Ala )ŪŠæèŨ+βαcZNzQĀĐ@?)Ɛ
=@?Ǧ+= 20-Ala (.+ 21-Leu (?)
Ñ 7.5(b),ų<
,ÿƨǞÕ-ñđŨǆ¬ È. GA ,Tg]
GB -ĺƿC)? Èþ
5?ī,ñđŨǆ¬ È GA ë>)+$! 17 łÖũ: 21 łÖũ- F f
{P-¶9>
ÿƨǞÕ. GA98-2 ,'. GA ĺƿC)?<,+?
-")Ɛ=@? 
 |ħ( 33 ?. 43 łÖũ.ÎÀ>ē$!¦'-XzcPư( F f{
P)+$'?ǅ(>ǥÑ 7.2 <0Ñ 7.3 ¼ŘǦ
ĺƿĀĐ,ë?)
Ɛ=@!
ñđŨǆ¬ È. 0 ,ƹ GA, GB @,9$'+Ǟ
Õ($!@.ÿƨǅ@|ħ-ĺƿ1È)+ťŅċŪ
ŠCĀĐ')CųÌ?
33 łÖũ-ØÆ.@9jvZP
Vĺƿ(?)=3*Ý+õ.Ŗ
5! 43 łÖũÊƸ-ØÆ. 45
łÖũ-ǂāǚéǒ,. GA 5!. GB -ĺƿ1Ĕ>!!7-")Ɛ
=@? 
 5)8?)
ĺƿĀĐ­į,'. 33 łÖũÊƸ(. GA, GB ǌ(ǂ.
+9--
43 łÖũÊƸ?. 25 łÖũÊƸ.Å-ñđŨǆ¬ È,
å!ĺƿ¸Ʋ?)Ɛ=@?ÿƨǞÕ-ĺƿĀĐ­į(-õĭƆ
Ũ+ĺƿ-ǂCŇè&?)Ɛ=@
5!åċťŅċłÖ: Gō p\wT
nrx{Ttzƈĵ=åċťŅċłÖ.:.>ĺƿĀĐ,ǈƜ+ǅ(
?)ųÌ@!µ'
-åċťŅċłÖ.ƔËō),ñđŨ
ǆ¬ È-ĹÝ½0Ĺïƹ,«ö'! 
 ÎÀ>ē$!ǆ¬-<,ǘ÷,ǣǆ¬|ƓûCĘ%Ť+?żĺƿ
1)Ĕ>!!7Ď-ǩǆ¬=@!ØÆ
ǆ¬Č×=*#=-ĺƿ,
Ĕ>!!7--Ő.ŀ-Ēǜ(ƙ?)ĊB@?5 F ƠĴCƙ
)( F f{PƎCÇè
ŀ, BLAST ĸƄ,<> PDB \{Xk{V=
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¿Ǔ@!ŪÇǆ¬C-ĺƿǠċ,<>PuVX{«Ǡ?-ăÅP
uVX{(mwYiwEuGzoz])åċťŅċłÖƠĴ
½0Ŵ¤ǆ¬
-ĜèCƙ9(PIv{ǆ¬-?ǞÕ,'å@!ťŅ
ċłÖǨ%-PuVX{-6(,ƪ8=@?-(@/
-ǞÕ.ÿƨ
PuVX{-ĺƿCĀĐ?-,ë?ǞÕ(?)Ɛ=@?5!ÿƨ
ǞÕ,?åċťŅċłÖ-ĿĞ.
ƽ,-ĺƿ1-Ĕ>!!6CǏê
?ƈĵCė?ÅPuVX{=Ĝè@!Ŵ¤ǆ¬=.
PuVX
{-ġ-ŀ£CĘ%ñđŨǆ¬ È-kP]wşĐ(?-ñđŨǆ¬
 ÈkP]w) F -f{PƎ,Ǎ?Č×C9),'
ÿƨĺƿ*-
<+ĺƿ1Ĕ>!!7-Cč?)ªĳ?)Ɛ=@? 
 
7.5 ƈƬ 
 ǣǆ¬|ƓûCĘ#+=9Ť+?ĺƿ1)Ĕ>!!7Î-ƠĴíƭ.

ǆ¬Č×=-gJ{w\FzQľĺ:ĭƆŨ+ĺƿCŐ?-.ǘ÷,
ÐǕ,ĊB@!
@5(,Š!łÖǌùÓƴǔƉƢ,Ö&!ƠĴŉ-
Ǩ%(? F ƠĴŉ)
ÎĦ!,î¥!ñđŨǆ¬ ÈƠĴŉCŠ'
-Ƈ6CŐ?)ªĳ! 
 ǩŽ(ƙ$! E-H jvZPV±_Z],Ǎ?ƠĴ=.
?ǅ«ĺƿC
ĀĐ?<+æèŨ±_Z].
ǀ¸Ũ+ƍ>-+-gJ{w^,
'9ÇĻ,åÒ
%ĺƿĀĐ±_Z])'-Ă³CĖ$'?ØÆ
?)ųÌ@!-ǒřè-ǅ«ĺƿCĀĐ?ǒ,ĉǝ+ǅ.

ð+)9Ǡ!ťŅċ-cX{zCų<($!-<+Ǡ-
cX{z?.å@!ťŅċłÖ.
ǪŽ(-ƠĴ+*=ǯǰǲƠĴ
(-ŐĺƿĀĐ±_Z]¨ǅ?.Ǳf{P5B>,Ǝ
gJ{w
\FzQ-Ķ)'-Ă³CĖ È,?)Ɛ=@! 
 ĲŽ(. F f{P5B>-ǆ¬
ǩ%-Ť+?ĺƿCĀĐ?ǆ¬-
#
ż=Û@@,$!Śď,?)Ųƪ@!ĺƿ¸,ë
?)Ɛ=@?Ǳf{P5B>-ǆ¬@|ħ-ǆ¬,$'
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?!8,
$!-Þŗĺƿ1Ĕ>!!D(;)Ɛ.
ŜŃǑ,
'.ĸƥÂƒ(?9--
ĲŽ5(,ą!ǱƠĴ:ǀ¸ƠĴ-ƈĵC
ǋ6?,áÿ(?)Ɛ=@? 
 
 
¼Ɛģś 
 
1. Rost B: Twilight zone of protein sequence alignments. Protein Engineering 
Design and Selection 1999, 12:85–94. 
2. Nickson AA, Clarke J: What lessons can be learned from studying the 
folding of homologous proteins? Methods 2010, 52:38–50. 
3. He Y, Rozak DA, Sari N, Chen Y, Bryan P, Orban J: Structure, dynamics, 
and stability variation in bacterial albumin binding modules: implications 
for species specificity. Biochemistry 2006, 45:10102–10109. 
4. He Y, Chen Y, Alex P, er, Bryan P, Orban J, Alexander P: Mutational 
tipping points for switching protein folds and functions. Structure 2012, 
20:283–291. 
5. Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ: Basic Local 
Alignment Search Tool. Journal of Molecular Biology 1990, 215:403–410. 
6. Kikuchi T: Analysis of 3D structural differences in the IgG-binding 
domains based on the interresidue average-distance statistics. Amino Acids 
2008, 35:541–549. 
7. Kikuchi T, Némethy G, Scheraga HA: Prediction of the location of 
structural domains in globular proteins. Journal of Protein Chemistry 1988, 
7:427–471. 
8. Bernstein FC, Koetzle TF, Williams GJ, Meyer EF, Brice MD, Rodgers JR, 
Kennard O, Shimanouchi T, Tasumi M: The Protein Data Bank: a 
 128 
computer-based archival file for macromolecular structures. Journal of 
Molecular Biology 1977, 112:535–542. 
9. Go N: Theoretical studies of protein folding. Annual Review of Biophysics 
and Bioengineering 1983, 12:183–210. 
10. Takada S: Go-ing for the prediction of protein folding mechanisms. 
Proceedings of the National Academy of Sciences of the United States of 
America 1999, 96:11698–11700. 
11. Koga N, Takada S: Roles of native topology and chain-length scaling in 
protein folding: a simulation study with a Go-like model. Journal of 
Molecular Biology 2001, 313:171–180. 
12. Chavez, L. L., & Clementi, C.: Quantifying the roughness on the free 
energy landscape: entropic bottlenecks and protein folding rates. Journal of 
the American Chemical Society 2004, 126, 8426–8432. 
13. Clementi C, Nymeyer H, Onuchic JN: Topological and energetic factors: 
what determines the structural details of the transition state ensemble and 
“en-route” intermediates for protein folding? An investigation for small 
globular proteins. Journal of Molecular Biology 2000, 298:937–953. 
14. Karanicolas J, Brooks CL: Improved Gō-like models demonstrate the 
robustness of protein folding mechanisms towards non-native interactions. 
Journal of Molecular Biology 2003, 334:309–325. 
15. Sugita M, Kikuchi T: Incorporating into a Cα Go model the effects of 
geometrical restriction on Cα atoms caused by side chain orientations. 
Proteins: Structure, Function, and Bioinformatics 2013, 81:1434–1445. 
16. Allison JR, Bergeler M, Hansen N, van Gunsteren WF: Current 
Computer Modeling Cannot Explain Why Two Highly Similar Sequences 
Fold into Different Structures. Biochemistry 2011, 50:10965–10973. 
 
 129 
ûŃú ăĚ 
 
 ÅĜ½!'ÍĤ£¯%į5­'* &[ÒrÍĤ!59RLī
Īy%Ä6 	5"	
Ć%ĪyĔÇÙ[1-4]8ç	O<ZW
H:Y>ĺÍĤ£¯ĻÑÍĔÇ8_©%Ď	 O<ZWH:Y>ÑÍ%	
 &ĸ[5-11]1n¬ÓÍĤ£¯%^
5"	
[7, 12-14]"
Average Distance Map; ADMĪyĔÇÙ[1]!aÛ6ÍĤ£¯UKGI8
Þ37ç	±Ùĸ"«įm%5"8ôę	 &¥
¢Ę±Ù8ċ$¼&9RLīĪyĺÍĤ×6 	$	0&0.Ļ%
 Ĩç5"!ĸ!']ĉ$ĒÏ&O<ZWH:Y>ÑÍĔÇ8
ã	 &ĔÇ8ģ ÅĜ½!'ÍĤ£¯UKGI'ĥ}&Ħö!n
6,n¬êÖ¬Ó8Ä5q%5"ÍĤ£¯U
KGI&ïĪyĮ&n¡'EYM=ğÔ!é$5ĺÑĉìĬĐ¬%k

!5Ļ"1n%ı$¤{8µ
&'9RLīąºĎyĺĥ
}&Ħö!#&2
$éæ5Ļ"¢Ę9RLīĪy&à¨&0&!
4ÿĄÐ&£á"	ĐĀ'^$	"$#8Á3%	 ,
63òđ%	ÍĤ£¯UKGIß¬ėlÙ$#0¹Ê	  
 uiì%'Ľú!' Globin-like fold%	 ÍĤ£¯%į75ì$ĩ
xÍĤĥ}ìįm¬&Ü	c& fold %5EYM=ğ%0ē65&
#
8ķgÍĤËā@ZNB Dalilite[15]"Īy3ÍĤ£¯UKGI8a
Û5±Ù!5 ADMĔÇÙ8ç	 ËĖ[16]	 & ADMĔÇÙ'
ÝÍĤ%	 Ģ¸1	ĺĪy\ĠĲ8Ć®ĻÓP9%	 &­
3¼&?YE=I8v|5ÍĤ£¯&É"$52
$ì$ĩx
ÍĤĵ8aÛ5"%2 Īy3ÍĤJT;Y5	'ÍĤ£¯U
KGI8aÛ5±Ù!5	 ±Ù'ľú%	 Globin-like foldf&Ċ
ĈīăEYM=ğ[17]1VDFZS[18]9CVY[19]$#&EYM=ğ%
	 0Ĩç6÷&EYM=ğ&ÍĤ£¯UKGI&aÛ%zç6
Â%Ďn¬ĔÇ&ăÈ3aÛĵvĩ%'n¬êÖ¬Ó
,61	"õ6[20]	 6'n¬6Ó'ÍĤ£¯%^
5"	
 Ptitsyn3&` [12, 21]%Ø
0&!,ľú!&ăÈ%(

n¬êÖ¬Ó'aÛ6ÍĤ£¯UKGIv!ĭ?YE=
I8£¯5q%[20]	 f\&2
%Ľúľú8Ă ĥ}ì%įm¬
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&Ü	EYM=ğ3tģ&ÍĤ£¯UKGI8´w+÷&EYM
=ğ%ÍĤ£¯\&à¨8·'-$î¸ĸ"Õġĉ$
5	'6%ķ5Ć$6EYM=ğ8Ğ"0&!	  
 5EYM=ğà&ÑÍ!&ÝÍĤ%³4."ķg&Ý
ÍĤ8¶ïEYM=ğÑÍ!³4.q%5&#
'
[čì%'Á3%6 	$	Ķ!5[22]	 68ËĖ5/%ĥ}ì
$įm¬%5,'IQXAZü	ïEYM=ğ%O<ZWH
:Y>ÑÍ&Õġ8íì"ĸì5	'ĕýÑì$óø	0$
6 	5[23]&Ğ'&ļ&IQXAZ%¼ë¼~5
ïĪy&
eďì$¼EYM=ğ%İ36 	5	 6'ĸì%O<
ZWH:Y>ÑÍ85/%'å$?BIªĐ!4ĕýÑ
ìĔÇ%	 0óøĞEYM=ğ&ĺĸì%6ĻÝÍĤª
Đ!45/!5	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